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Editorial
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campo de la educación matemática, junto con algunas otras revistas queya existen en nuestro ámbito. La difusión del trabajo riguroso, denuevas ideas, de actuaciones de éxito, nutre y mejora las prácticaseducativas y la enseñanza de las matemáticas. La historia de la cienciaprueba que el desarrollo y los avances del conocimiento vienen siempreacompañados del intercambio y del debate serio y riguroso. La historia,esa historia, está jalonada de cartas y misivas entre grandes científicos ymatemáticos, que en todas las épocas han intercambiado saber yconocimiento. Pitágoras, cuyo teorema ilustra la portada de REDIMAT,creó una escuela con su nombre que hizo algunas de las aportacionesmás cruciales de las matemáticas clásicas, como el descubrimiento (o lacreación) de los números irracionales. Arquímedes, uno de los grandesmatemáticos de la historia, dedicó buena parte de su vida a viajar paraaprender de la matemática de las grandes civilizaciones de su tiempo.Leonardo de Pisa viajó por diversos países del Mediterráneo, durantefinales del siglo XII e inicios del XIII, aprendiendo de las matemáticasde los países árabes, y luego publicó el Liber Abaci. La correspondenciaentre Ramanujan y Hardy llevó al matemático hindú a convertirse enuno de los grandes referentes de la matemática de todos los tiempos. Esconocida la afición de Paul Erdos de viajar y visitar a colegas dediferentes partes del mundo para compartir y discutir sobre conceptos dematemáticas. REDIMAT aspira a convertirse en un espacio deintercambio, que anime y promueva el trabajo bajo estas premisas decientificidad y rigor.
N os alegramos de presentar el primer número de la revistaREDIMAT Revista de Investigación en Didáctica de lasMatemáticas. Esta revista nace con la vocación de convertirseen un punto de referencia para la comunidad científica en el
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Empezar un sueño siempre es algo difícil. Es resultado de muchaspersonas, y de muchos esfuerzos, con la voluntad de ayudar a promoverel avance y el progreso de la enseñanza de las matemáticas. En esteprimer número hemos querido imprimir un estilo inclusivo. Para ello,nada mejor que tomar algunas de las aportaciones que se están haciendoa la investigación en didáctica de la matemática desde la diversidad y lamulticulturalidad. Por ese motivo, decidimos centrar el primer númeroen la etnomatemática, una perspectiva que ha contribuido a legitimar lasmatemáticas que hacen las personas que no son “matemáticosprofesionales”, y que si se examinan desde criterios de validez y derectitud, responden perfectamente a los requerimientos de este campodel conocimiento. Para ello tenemos el privilegio de contar con unartículo de la persona que acuñó este concepto, Ubiratán D’Ambrosio.La trayectoria profesional de D’Ambrosio le ha llevado por muchoslugares, intelectualmente hablando. Ha pasado de su interés por elrespecto hacia las matemáticas de las poblaciones indígenas de Brazil, asu preocupación porque las matemáticas se usen para promover la paz ylos derechos humanos a nivel mundial. En este artículo, D’Ambrosiorepasa su pensamiento a lo largo de los últimos cincuenta años, y cómoha ido evolucionando y ganando de las interacciones y discusiones endiferentes conferencias, y debates internacionales, para acabar haciendouna propuesta atrevida: las matemáticas como instrumento de lucha porla justicia social global. A lo largo del artículo D’Ambrosio siemprerecuerda y tiene presente en primera línea su interés por la formación deprofesorado. Serán los futuros maestros y las futuras maestras quienestransmitan las matemáticas. Por tanto, su preocupación de encontrar losmétodos más efectivos para formar a estas personas y transmitirles elconocimiento matemático están más que justificadas. La visión deD’Ambrosio de las matemáticas y de la educación matemática es unavisión profundamente humanista. D’Ambrosio cree en las personas, ensu capacidad para transformar la realidad, para mejorar lasoportunidades de vida. Las matemáticas y la educación matemáticajuegan un papel clave en ello.Cerca a las posiciones basadas en la idea de justicia social, RochelleGutiérrez nos propone un interesante ejercicio de reflexión sobre elimpacto de las raíces culturales en sociedades bilingües de facto
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(a pesar de no ser oficialmente bilingües). Su estudio se sitúa en Illinois,que al igual que otros estados de EUA, tiene una fuerte presencia de lacomunidad Latina. Las matemáticas, y en concreto su enseñanza, seconvierten en un espacio de negociación de la identidad, de conflicto aveces, de reivindicación de la cultura propia. El trabajo de Gutiérrez nosllama la atención sobre la importancia que tiene el profesorado derespetar la identidad y las raíces de los estudiantes que tienen delante.Entre líneas, de puede leer que Gutiérrez, con el concepto de Nepantla,está manteniendo un diálogo implícito con las personas que proponenuna práctica educativa culturalmente responsable (teaching culturallyresponsible).El trabajo de Hilbert Blanco es un caso concreto de esta prácticaresponsable, y respetuosa. Blanco analiza las creencias y actitudes delprofesorado en formación hacia la enseñanza de las matemáticas, ysobre todo, problematiza y cuestiona la visión universalista de laenseñanza de las matemáticas. Su trabajo es una clara reivindicación dela necesidad de provocar más reflexiones con los futuros maestros y lasfuturas maestras sobre el papel sociocultural y político de la educaciónmatemática. Blanco establece una conexión directa entre estas creenciasy actitudes, y el diseño de actividades. La investigación en este ámbitoha proporcionado numerosos casos que ilustran cómo una enseñanzamatemática autoritaria e impermeable al diálogo produce graves dañosen los estudiantes y en las personas con quienes interactúan. Lainvestigación de Blanco abre la puerta a la necesidad de incorporar estaperspectiva crítica a la enseñanza de las matemáticas.Finalmente, este primer número de REDIMAT se cierra con un artículode Pedro Palhares. En este artículo Palhares nos lleva de nuevo alterreno de la etnomatemática, para reflexionar otra vez sobre losbeneficios de esta aproximación desde el punto de vista de la enseñanzade las matemáticas. Palhares explica cómo detrás de cada acciónhumana, hay un producto o, mejor, una producción cultural. Al final desu artículo nos propone una línea para continuar trabajando en futurasinvestigaciones en este ámbito.
Estos cuatro artículos ofrecen muchos temas de interés. No es miintención hacer un repaso exhaustivo aquí. En todo caso, animo a lalectura de estos cuatro artículos. Disfruten de su lectura. La palabraahora es suya.
Javier Díez­PalomarUniversidad de Barcelona, 14 de Febrero de 2012
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Mathematicians, Mathematics
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Abstract
This paper is, essentially, the transcription of my conference at the conferenceCIEAEM 63, promoted by the CIEAEM/Commission for the Study andImprovement of Mathematics Teaching, held in Barcelona, Spain, from 24 to29 July 2011. The main objective of the CIEAEM, since its foundation, in thefifties, has been to analyze the actual conditions and the possibilities for thedevelopment of mathematics education in order to improve the quality ofteaching mathematics. The annual conferences are the essential means forrealizing this goal. The main theme of the annual conference of 2011 was“Facilitating access and participation: Mathematical practices inside andoutside the classroom”. I understand access and participation as Social Justice.
Keywords:Mathematics, Mathematics Educators, Social Justice.
2012 Hipatia PressISSN 2014­3621DOI: 10.4471/redimat.2012.01
6 Ubiratán D'Ambrosio ­ Mathematics and the State of the World
I believe that Mathematics Educators are educators who regardMathematics as an important instrument to prepare future generations tolive in a World with Peace and Human Dignity for all. I see as amistaken view to consider the main objective of Mathematics Educatorsto transmit Mathematics without reference to the ethics of its uses.Although Mathematics is taught with the declared intention that it willbe useful for everyday life, Mathematics Educators cannot ignore thefact that the most successful students may be engineers who designlethal weapons or reinforce the practices of brutal capitalism. Without aclear understanding of how Mathematics can help in attaining Peace andHuman Dignity for all, hence Social Justice, Mathematics Educatorsmay miss an important ethical responsibility.In 1976, in my controversial discussion paper on “Why do we teachMathematics?” in the Third International Congress of MathematicsEducation/ ICME 3, in Karlsruhe, Germany, I said:
We see the educational process as the conjugation of globalsocio­economic aspects aiming at the betterment of the qualityof life. In this conjugation intervene, the same as in thetechnological process, the philosophy to which societysubscribes, as well as considerations about manpower andavailable material resources.” (D’Ambrosio, 1976, p. 224)
Willy Servais was one of the members of the Panel discussing thispaper. It is very present in my memory the ardent support he gave to thebasic issues raised in that paper. He entirely supported the broader viewon Mathematics Education, which I presented in the paper. This
Human well­being: A context­ and situation­dependent state, comprising basic material for agood life, freedom and choice, health and bodilywell­being, good social relations, security, peace ofmind, and spiritual experience. (ICSU, 2010)F or almost fifty years I have been discussing proposals ofMathematics for Social Justice, with different formulations, asthe main focus of Mathematics Education.
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encouraged my continued research looking for objectives ofMathematics Education that go beyond excellence in the transmissionof established academic Mathematics.I interpret quality as the appropriate response to the pulsions ofsurvival and transcendence. Thus, quality becomes all pervading andaims at human well being as conceptualized in the opening caption. Ibelieve Mathematics has been, in the evolution of the human species,an efficient instrument to attain this aim. Hence, I understand qualityof teaching mathematics as conveying this essential feature ofMathematics.Almost twenty years later, in 1993, the 15th conference of the PME­NA/North American Chapter of the Psychology of MathematicsEducation, in Pacific Grove, CA, I went further in these ideas:
Although the main concern of this meeting is MathematicsEducation, I believe I will be allowed to subordinate mycomments to a higher objective: the survival of civilization onEarth with dignity for all. This is not merely jargonizing. Theworld is threatened, not only by aggressions against nature andthe environment. We are equally concerned with increasingviolations of human dignity. We face more and more cases oflife under fear, hatred and violation of the basic principlesupon which civilization rests. (D’Ambrosio, 1996, p. 31)
In other writings, I ask for a new thinking in mathematics education.My objective, in this paper, is to stress the fact that our most urgentconcern is to teach Mathematics for access and participation,understood in the broad sense of helping humans to attain well­being,which comprise the basic components of a good life, freedom andchoice, health and bodily well­being, good social relations, security,peace of mind, and spiritual experience.Mathematics is present in all the major achievements of civilization.Advances in mathematics are associated with progress. But, paradox­ically, mathematics has been the main instrument in weaponry and ineconomics. I have often referred to mathematics as the imprint ofmodern society, for good and evil. As historian Mary Lefkowitzsays, “the evolution of general mathematical theories from those basics
8[mathematics of Egyptians, Sumerians and others] is the real basis ofWestern thought (italics mine).”1As a consequence of wars, of greedy capitalism and of uncontrollableconsumerism, people are killed in a broad sense, either physically ormorally, as the termination of life and also as the loss of dignity.I understand violation of Social Justice in this broad conception. Aspolitical scientist Glenn D. Paige says,
“There are no social relationships that require actual orthreatened killing to sustain or change them. No relationshipsof dominance or exclusion—boundaries, forms of government,property, gender, race, ethnicity, class, or systems of spiritualor secular belief—require killing to support or challenge them.This does not assume that such a society is unbounded,undifferentiated, or conflict­free, but only that its structure andprocesses do not derive from or depend upon killing. There areno vocations, legitimate or illegitimate, whose purpose is tokill. (Paige, 2002, p. 30)
I go even further in this broad vision of violation of Social Justice. Aform of killing is to deprive human beings of their means ofsubsistence, such as food, air and water. Hence, the sustainability ofthe environment is to be considered a major issue when our goal is toavoid the great threat of global famine.The Charter For a World Without Violence, endorsed by MikhailGromov Nobel laureates ends with the appeal:
To address all forms of violence we encourage scientificresearch in the fields of human interaction and dialogue, andwe invite participation from the academic, scientific andreligious communities to aid us in the transition to non­violent,and non­killing societies. (Raussen, & Skau, 2010, p. 395)
Mathematicians and mathematics educators are among the addressees.How do we respond to this appeal?
Ubiratán D'Ambrosio ­ Mathematics and the State of the World
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Mathematician Mikhail L. Gromov, laureate with the Abel Prize 2009,says:
Earth will run out of the basic resources, and we cannot predictwhat will happen after that. We will run out of water, air, soil,and rare metals, not to mention oil. Everything will essentiallycome to an end within fifty years. What will happen after that?I am scared. It may be okay if we find solutions, but if wedon’t then everything may come to an end very quickly.Mathematics may help to solve the problem, but if we are notsuccessful, there will not be any mathematics left, I am afraid!(Raussen, & Skau, 2010, p. 403)
I am also afraid. What kind of world are we leaving to the futuregenerations? The future may not be. All our proposals for bettereducating the future generations may be voided. The tensions withinour contemporary societies, both intranational and international, add tothe feeling of scare and fear. As mathematicians and mathematicseducators we have a responsibility with the future. We have to findways to both recognize and respond to this responsibility.Christiane Rousseau, the Vice­President of Executive Committee ofIMU/International Mathematics Union, a pure mathematician, speaksabout her growing interest in the science of sustainability and theattention IMU is devoting to this, as response to an appeal of theICSU/International Council of Scientific Unions. She says:
While it is not new that scientists are involved in the study ofclimate change and sustainability issues, a new feeling ofemergency has developed. The warning signs are becomingmore numerous that urgent action is needed if we want to savethe planet from a disastrous future, since we may not be farfrom a point of no return: climate change with more extremeweather events, rising of the sea level with the melting ofglaciers, shortage of ood and water in the near future
The State of the World and Mathematics
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because of the increase of the world population and the climatechange, loss of biodiversity, new epidemics or invasivespecies, etc.2
A new 10­year research initiative, the Earth System Research forGlobal Sustainability, sponsored by ICSU, has the following goals:
(1) Deliver at global and regional scales the knowledge thatsocieties need to effectively respond to global change whilemeeting economic and social goals;(2) Coordinate and focus international scientific research toaddress the Grand Challenges and Belmont Challenge;(3)Engage a new generation of researchers in the social,economic, natural, health, and engineering sciences in globalsustainability research.
There are references to two important proposals of ICSU. The BelmontChallenge and the Grand Challenges. The Grand Challenges are:
Challenge #1: Improve the usefulness of forecasts of futureenvironmental conditions and their consequences for people.Challenge #2: Develop the observation systems needed tomanage global and regional environmental change.Challenge #3: Determine how to anticipate, avoid and cope withdangerous global environmental change.Challenge #4: Determine what institutional and behavioralchanges can best ensure global sustainability.Challenge #5: Develop and evaluate innovative technologicaland social responses to achieve global sustainability.
This leads to Priority Research Questions for all areas of Science.Details can be seen in the site of ICSU3. Among the many expectedoutcomes, I distinguish:
Human well­being: A context­ and situation­dependent state,comprising basic material for a good life, freedom and choice,health and bodily well­being, good social relations, security,peace of mind, and spiritual experience.
Ubiratán D'Ambrosio ­ Mathematics and the State of the World
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I see in the expected outcome of Human well being the quintessence ofthe objective of Social Justice, as stated in the beginning of this paper.The Belmont Challenge complements the Grand Challenges and aimsat delivering knowledge to support human action and adaptation toregional environmental change4.A Conference on Sustainable Development (Rio+20), organized bythe United Nations in June 4­6, 2012, in Rio de Janeiro, will have theparticipation of all the disciplines. Mathematics plays atransdisciplinarian role in these discussions. Indeed, Mathematics indeeply involved in the interdisciplinary research that needs to takeplace in preparation for the conference. Considering the importancerole of mathematics in the themes of the conference, the IMU hasendorsed the broad project Mathematics of Planet Earth 2013. Thisendorsement states:
Earth is a planet with dynamic processes in the mantle, oceansand atmosphere creating climate, causing natural disasters, andinfluencing fundamental aspects of life and life­supportingsystems. In addition to these natural processes, humans havedeveloped systems of great complexity, including economicand financial systems; the World Wide Web; frameworks forresource management, transportation, and energy productionand utilization; health care delivery; and social organizations.Human activity has increased to the point where it influencesthe global climate, impacts the ability of the planet to feeditself and threatens the stability of these systems. Issues suchas climate change, sustainability, man­made disasters, controlof diseases and epidemics, management of resources, andglobal integration have come to the fore. Mathematics plays akey role in these and many other processes affecting PlanetEarth, both as a fundamental discipline and as an essentialcomponent of multidisciplinary and interdisciplinary research5.
As educators, we must respond to this. A number of mathematicseducators, including Nicoletta Lanciano, of the Department ofMathematics of the Università di Roma “La Sapienza”, have
12
developed a project, independently of the IMU project, to involveschools with the major objective of showing the students localspecificities in the Planet Earth. The Project Parallel Globehttp://www.globolocal.net/ tries to recreate, for students, importantstages in the development of mathematics, which are related to theobservation of the skies.The Parallel Globe helps students to visualize their position on theEarth surface in relation to the position occupied by other countries,recurring to observing the way the Sun illuminates different regions ofthe Earth in real time. This helps to understand time zones and thealternation of the seasons on the planet. This tool of didactic practice isrich in mathematics contents, allying observation, concreteexperimentation with reflection, and data collection. In thedevelopment of the Project, it is fundamental to share the results fromcountries of different longitude and latitude, thus helping to clarify thesemantic and symbolic differences of the distinctions North­South,top­bottom, over­under, up­down in different languages and cultures.Intercultural awareness has obvious political implications for ademocratic perception of globalization, helping the respect fordifference and the recognition that all nations are part of the sameglobal system which is threatened. To convey to the students themessage that civilization is threatened and that all nations sharedifferent but common environmental conditions and that mathematicsis an important instrument to monitor the conditions is the mainobjective of the project.
Challenge to Mathematics Educators and the preparation ofteachers
A remarkable conference on “Visions in Mathematics – Towards 2000”was held in Tel Aviv from August 25th to September 3rd, 1999,considered one the most important reunions of leading mathematiciansworldwide to discuss past and future mathematics in the eve of the21st century, its importance and methods. In this conference Gromovgave an address where he points to new directions for the developmentof mathematics, resulting from the socio­cultural context instead of theconceptual necessities and details intrinsic to established mathematicstheories. We need another Mathematics. He calls these new
Ubiratán D'Ambrosio ­ Mathematics and the State of the World
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mathematical structures “soft”, since they consist of greatly flexiblehypotheses. These remarkable ideas, although very difficult, clearlyindicate that the new generation of scientists, engineers and, obviously,mathematicians, will need broader attitudes towards mathematics.The challenging problems require, besides new mathematicaltechniques, the training of a new generation of researchers in themathematical sciences. Again, quoting Gromov:
We shall need for this the creation of a new breed ofmathematical professionals able to mediate between puremathematics and applied science. The cross­fertilization ofideas is crucial for the health of the science and mathematics.(Gromov, 1998, p. 847)
All the considerations above are mainly addressed to researchmathematicians, but it is undeniable that it poses an even greatchallenge to mathematics educators.It is questionable if we should insist in keeping contents which areconsuming school time and energy instead of moving more rapidlyinto the new concepts of mathematics, as suggested by Gromov andothers. The same question is applicable to the new Physics, the newBiology and other scientific fields. It is undeniable that this new faceof Mathematics is more attractive to students. The digital natives feelthat the traditional mathematics that still dominates the curricula areobsolete, boring and useless. I am convinced that this is the main causeof the bad results in tests.The new Mathematics depends, of course, on basic mathematics. Butto what extent shall we insist on the basics? Thanks to the amazingtechnology available, it is possible to accelerate the acquisition of thebasic mathematics, which is necessary – a small part of what is in theusual programs ­­ and to step, rapidly, into the new mathematics. Thebasic includes mainly concepts, not techniques. Curriculardevelopment should focus on accelerating the teaching of what iseffectively basic in traditional mathematics, which are concepts.Instead, much of the time and energy of teachers still goes intoinsisting on skills.Mathematics, as a science, has specificities. According to Steve
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Kennedy:
Math is different from the other sciences. In a very real sensethe problems, motivations and verification of mathematicscome from inside the discipline itself, whereas the othersciences look to the world of phenomena for problems andaffirmation. The chemist whose experiment yields a resultwithin six decimal places of his theoretical prediction has goodreason to feel pretty pleased with his theorizing. Amathematician rarely finds herself in such an empiricallyhappy place vis­à­vis her theories. Usually a mathematicianhas only the cold reassurance of logic for comfort; the universedoes not deign to validate our work except indirectly, when thework proves useful as a model in another science. (Kennedy,2003, p. 180)
The difficulty is to bridge the gap between internal advances ofmathematics and their utilization. Language is a key obstacle. As FelixBrowder says:
The richer the repertoire of modern mathematical research, thebroader the arsenal of concepts and tools available for the useof the mathematicized sciences. The difficulty lies in theproblem of communication, of the scientific practitioners beingable to penetrate through the difficulties of translation betweenthe languages of different disciplines, of knowing what isrelevant in the concepts and techniques that are available.”(Aspray, & Kitcher, 1988, p. 29)
To approximate mathematics to the sciences is to show, inMathematics Education, that Mathematics in fully integrated with thescientific method, which is an essential component of multidisciplinaryand interdisciplinary research.This is intrinsic to the proposal of laboratory practices in MathematicsEducation by Eliakim H. Moore in the beginning of the 20th century.For example, when he says:
Ubiratán D'Ambrosio ­ Mathematics and the State of the World
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The boy will be learning to make practical use in his scientificinvestigations ­ to be sure, in a naive and elementary way ­ ofthe finest mathematical tools which the centuries have forged;that under skilful guidance he will learn to be interested notmerely in the achievements of the tools, but in the theory of thetools themselves, and that thus he will ultimately have afeeling towards his mathematics extremely different from thatwhich is now met with only too frequently ­ a feeling thatmathematics is indeed itself a fundamental reality of thedomain of thought, and not merely a matter of symbols andarbitrary rules and conventions. (Moore, 1903, p. 408)
More than proposing a short cut, Moore proposes restoringMathematics Education to the original roots of mathematicsdevelopment in Modernity. The advances proposed since the 16thcentury recognizes Mathematics as the main support of scientificinquiry.Examples of short cuts to present advanced mathematics in a simpleand contextual way are the proposals exposed in the books CalculusMade Easy, published in 1910, by Silvanus P. Thompson, F.R.S.,generally repudiated by mathematicians (Thompson, 1914), andLectures on Physics, of 1962, by Richard P Feynman (Feynman,Leightn, & Sands, 1988).In both books, authored by distinguished scientists, non­mathematicians which are users of advanced mathematics, contents arerapidly presented, with adequate rigor for its purpose. To find theequilibrium between accessible presentation and acceptable rigor is amajor challenge to Mathematics Educators.The greatest challenge to mathematics educators is to perceive thesechanges, to understand the new and to develop methods fortransmitting this to teachers.Children must be prepared for a future that we cannot envisage. Toprepare children to be proficient in obsolete mathematics is to preparethem to the anguish of being marginal in the future, because theypossess outdate knowledge. To avoid this anguish is, to me, animportant feature of Social Justice.Social Justice should be understood as a response to satisfying the
16
basic needs for a good life, aiming at freedom and choice, at health andbodily well­being, and establishing at good social relations, anchoredon security, peace of mind and respect for spiritual experience.We must avoid giving students the illusion that passing the currenttests, obtaining good grades, they are prepared for the future. This isfallacious and the denial of Social Justice.The inadequacy of tests is not new. Évariste Galois very clearlydenounced this, over two hundred years ago:
Are you quite happy to do well in the test? Do you believe youwill be finally appointed as one of the two hundred geometersthat will be admitted? You believe you are prepared: you aremistaken, this is what I will show you in a next letter. (Galois,1831)
He died before writing the next letter. Education, in this era of scienceand technology, challenges the established approaches “validated” byresults in standardized tests. The goals of education go much beyondmerely preparing for professional success. Education has aresponsibility in building up saner attitudes towards the self, towardssociety, towards nature.We are primarily faced with the preparation of teachers to assume adifferent attitude in their teachings, responding to the greatestchallenge proposed above. Educators must be creative.I believe the key problems in the preparation of teachers ofmathematics are related to inadequate visions of the purposes ofeducation and of the role of mathematics teachers as educators.Prospective and in­service teachers of mathematics should be alwaysreflecting about the changes in education, as a consequence ofprofound changes in society, particularly in the demographic scenario,in production, in information, in communication and in theenvironment.I will elaborate on the purposes of education as a preliminary todiscussing the role of the mathematics teacher as educators. I identify adouble purpose why societies establish educational systems:
Ubiratán D'Ambrosio ­ Mathematics and the State of the World
17REDIMAT ­ Journal of Research in Mathematics Education, 1 (1)
(1) to promote citizenship (which prepares the individual to beintegrated and productive in society), which is achieved bytransmitting values and showing rights and responsibilities insociety; and(2) to promote creativity (which leads to progress), which isachieved by helping people to fulfill their potentials and rise tothe highest of their capability.
The practice of education is in the present. The major challenge toeducators is to manage, in this process, the encounter of the past and ofthe future, that is:
(1) The transmission of values rooted in the past, which leads tocitizenship,(2) The promotion of the new, for an uncertain future, whichmeans creativity.
But in this process, we must be careful. We do not want:
(1) To transmit docile citizenship – we do not want our studentsto accept rules and codes, which violate human dignity, to bepermanently frightened, we want them to assume a criticalattitude towards obedience.(2) Nor to promote irresponsible creativity – we do not want ourstudents to become bright scientists creating new instruments toincrease inequity, arrogance and bigotry; we want them to beconscious of their acts and of the consequences of their creation.
Hence, the goals that I hold important in Education, hence inMathematics Education, are:
(1) The transmission of values rooted in the past, which leads tocitizenship, but not docile citizenship;(2) The promotion of the new, for an uncertain future, whichmeans creativity, but not irresponsible creativity.
The transmission of values is intrinsic to cultural encounters. Cultural
18
encounters have a very complex dynamics. This encounter occursbetween peoples, as occurred in the conquest and colonization,between groups. It also occurs in the encounter between the youngman or woman, who have their own culture, and the culture of theschool, with which the teacher identifies. The so­called civilizingprocess, carried on by colonizers, is essentially the management of thisdynamics. I claim the same occurs in the educational process.Didactics and pedagogy are strategies to manage cultural encounters ofstudents and teachers.An important component of Mathematics Education is to reaffirmand, in many cases, to restore cultural dignity of children. Much of thecontents of current programs are supported by a tradition alien to thechildren. On the other hand, children are living in a civilizationdominated by mathematically based technology and by unprecedentedmeans of information and communication, but schools present anobsolete worldview.It is equally important to recognize that improving the opportunitiesfor employment is a real expectation that students and parents have ofschool. But preparation for the job market is indeed preparation for thecapability of dealing with new challenges.There are many careers, which require different kind of knowledgeand experience that remain unfilled because of lack of able candidates.There is a need for change. But what to change and how to change?Ideally, the advances of research in Mathematics Education producebetter­qualified teachers, capable of promoting innovative education.But, regrettably, the focus on passing tests dominates school systems.Many teachers are attracted by rewards, such as salary increase, if theirstudents are successful in the tests. Schools support this practice,because they are rewarded with grants and other government subsidies.This is a subtle form of corruption, which paves the way to explicitcorruption, a flagrant violation of Social Justice. Responsiblegovernance should look carefully at the disequilibrium amongpreparation of graduates and the needs of the job market. This wasextensively discussed, some years ago, by Robert Reich6.Education for all, which is frequently given as a strategy for SocialJustice, has many problems and the fact that more and more people arebecoming educated, with emphases in science, technology and
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engineering, sounds like a good thing. It is, indeed, a progress. But it isan illusion that this is the key to economic growth and prosperity andgood jobs. We have to analyze the context in which this progress takesplace and the fitness and quality of it. There is no point in preparingchildren for jobs that will probably be extinct when they reachadulthood7.Education for all results in an extraordinary amount of people goingto school with the hope of finding good jobs. But there are reasons forcaution. The expansion can dilute the quality of graduates, givingspace to less able individuals into the system. Bright students arepoorly employed and they may be soon disillusioned by the ruthlessand often fruitless fight for a permanent job. There is a need ofresearch with the objective of finding out how the labor market willaccommodate those who emerge from the school systems. There areresults on this, but as yet many programs remain firmly attached to thetraditional curricula, disregarding the disequilibrium amongpreparation of graduates and the needs of the job market.In a seminar in the UNESCO Institute for Information Technology inEducation, in 2001, Seymour Papert denounced the enormous amountof resources that are wasted in obsolete education:
Using computers connected to the Internet students can obtainbetter and quicker access to sources of historical as well asscientific knowledge; they can explore economics as well asphysics by making models and simulations; the rigor ofmathematics can be extended to areas that were previouslyinaccessible. But in the midst of these explosions of change theinstitution of School has remained as remarkably constant overtime as it is across countries. So why am I wasting timedrawing attention to familiar facts and problems that arealready being addressed? The answer is saddening: Althoughthe problem is widely recognized, its depth is seldomappreciated. Most of those billions of dollars are being wasted(Papert, 2001)8
Indeed, this means that much of the traditional contents which exhaustcurrent programs should be drastically changed. It may be a big
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mistake to insist on mathematics curricula simply because they satisfycriteria of rigor. Some defend that the satisfaction of such criteria areenough to justify contents. Curriculum proposals are frequentlydisguised as new methods to teach the same contents, mostlyinappropriate and obsolete. Much cost and energy is devoted to showhow to do better what is disinteresting, obsolete and useless, asdenounced by Seymour Papert in the quote above.These remarks may be interpreted by many as suggesting a reductionof the importance of mathematical contents. This is a gross mistakeninterpretation. We need more and better mathematical contents, but notthe same contents. What I say is that methodological innovation shouldbe directed to making advanced mathematics attractive and teachable.Compromising rigor, in benefit of generating interest and motivation,cannot be interpreted as conceptual errors neither as relaxing theimportance of serious mathematics in schools.Self­esteem is essential to venture and to propose the new. Self­esteem goes together with cultural dignity. Both, to acquire culturaldignity and to be prepared for full participation in society, requiresmore than what is offered in traditional curricula. This is true both forstudents and for teachers. Particularly serious is the situation ofMathematics, which is largely obsolete as present in the programs,both in schools and in teacher preparation.Classroom mathematics has practically nothing to do with the worldchildren are experiencing outside of school. Children considermathematics as something above their reach and out of their world. Itis important to listen again to Paulo Freire:
In my generation of Brazilians in the Northeast, when speakingof mathematics, we were speaking something about gods.(Freire, D’Ambrosio, & Domite, 1997, p. 8)
Indeed, a divine character is attributed to Mathematics and this goesback to Ancient texts, in several cultural traditions (D’ambrosio,2010). It important to recognize, as said above in this paper, that SocialJustice can not ignore spiritual experience, which was the subject ofextensive research by Klaus Witz (2007).
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Paulo Freire championed in his writings the idea that Social Justicecannot be achieved without literacy. As he recognized, to be literatemeans, nowadays, much more than reading and writing. Other codesare essential in daily life, such as the manipulation of numbers and thebasic operations. Mathematics is more than these skills, as I willdiscuss later.
All the spectacular achievements of science and technology have theirbases in mathematics. And the institutions of modern civilization,mainly economics, politics, management and social order, are rooted inmathematics. Consequently, both Mathematics, as a research field, andMathematics Education, are changing. A new thinking is needed foreducation in the civilization that goes through so many changes(D’ambrosio, 2011).Mathematics is a fascinating cultural endeavor. It is seen as theimprint of rationality and, indeed, it is the dorsal spine of moderncivilization. No surprise that accomplished scholars are devoted tomathematics. A good number of successful citizens, who did notaccomplish well in mathematics in their school years, sometimes evenfailed, are fiduciary of mathematics in the educational systems.Administrators, teachers, parents, students, and the population ingeneral, see mathematics as the principal subject in schools. Societyregards those who do well in mathematics as geniuses, and those whofail are stigmatized. There is a lack of recognition that there aredifferent interests, different creativity, and different talents amongdifferent individuals, particularly among different children. Some dowell in mathematics and do poorly in the manual arts, while other dopoorly in mathematics and do well in the manual arts. It is an absurd tovalue those that do well in mathematics and do poorly in the manualarts and humanities over those that do poorly in mathematics and wellin the manual arts humanities. Those in the first group are identifiedwith the intelligent, the intellectually capable, while the others areregarded as performers. Mathematics acts a selector on intellectualelites. These elites will pursue the same pattern of society, impregnatedwith arrogance, inequity and bigotry, which is a clear violation ofSocial Justice.
Mathematics and mathematics education in a changing civilization
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When looking at mathematics education, we may identify twopositions:
(1) To use education as a strategy for teaching mathematics,defended by those described in the two paragraphs above;(2) To teach mathematics as a strategy for good education.
I like to use a metaphor. I recognize that the great energy we have inthe planet, both physical and intellectual, creative, comes fromchildren. Metaphorically, I see children as our Sun. Position 1 seesMathematics presented as a discipline cold and austere, in the words ofBertrand Russell9. Position 1 implies children, which are full ofenergy, like the Sun, revolving around the cold and austere focus ofMathematics, metaphorically cold and austere as the Earth. Thus, I callPosition 1 the Ptolemaic version of Mathematics Education.I am fully identified with Position 2. The focus of our mission aseducators reside in children, young adults, elderly adults, in generalthose who are the reason and the source of energy for educationalaction. In this Copernican view, the disciplines, which revolve aroundthose being educated, are merely instruments in this action action.Disciplines are, thus, in permanent reformulation, reflecting social andcultural context and the queries, wishes and needs of those beingeducated. Is this a good strategy for a good education? I believe so.We have to look into history and epistemology with a broader view.The denial and exclusion of the cultures of the periphery, so commonin the colonial process, still prevails in modern society. The denial ofknowledge that affects populations is of the same nature as the denialof knowledge to individuals, particularly children. To proposedirections to counteract ingrained practices is the major challenge ofeducators, particularly mathematics educators. Large sectors of thepopulation do not have access to full citizenship. Some do not haveaccess to the basic needs for survival. This is the situation in most ofthe world and occurs even in the most developed and richest nations.Further discussion about these matters is the objective of the ProgramEthnomathematics, which will not be discussed in this paper(D’Ambrosio, 2006).
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A new world order is urgently needed. Our hopes for the futuredepend on learning ­­ critically ­­ the lessons of the past. When welook at the history of mathematics since the early mathematicalmanifestations of man, we recognize the development of techniques tocompare, to classify and to organize, to measure and to count, to inferand to conclude, much before mathematics is formalized. We alsorecognize mathematical ideas in the confluence of various modes ofunderstanding, such as the religions, the arts, the techniques, thesciences, that is, we must assume a transdisciplinarian posture, and wealso need to look at all this in different cultural environments, indifferent traditions, that is, we must assume a transcultural posture.This may restore to Mathematics its characteristics of being the mostuniversal mode of thought and to face the most universal problemfacing humanity, which is survival with dignity.With respect to cognition, it is largely accepted that the emergence ofmodern science is closely associated with the recognition of anexclusive rational dimension of thinking. Recently, there has beenacknowledgement of other dimensions in the capacity of reasoning andunderstanding. Multiple intelligences, emotional intelligence, spiritualintelligence, and numerous approaches to rationality have importantconsequences for education. Also, mental tasks performed byindividual human beings are better understood thanks to the advancesof artificial intelligence. For Mathematics Education, these advancesstrongly challenge the concepts of skill and drilling.The enormous changes in society, particularly due to demographicdynamics, raise the exclusion of large sectors of the population, both indeveloped and undeveloped nations, to unbearable level. The exclusionof countries of the benefits of progress and advancement isunsustainable. An explanation for the current perverse concept ofcivilization asks for a deep reflection on colonialism. This reflectionshould not aim at blaming one group or another and not an attempt toredo the past. Rather, it is the moment to understand the past as a firststep to move into the future.Since mathematics has everything to do with the State of the World,its autonomy in the curriculum, and its central role as the dominatingdiscipline and as an educational sphere in itself, should bereconsidered. Paraphrasing Mikhael Gromov (1998), we shall need for
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Curriculum is the strategy for the educational action. Educationalaction should provide the three instruments that, together, provide whatis essential for citizenship in a world moving swiftly toward aplanetary civilization. These instruments are the communicativeinstruments, the analytic/symbolic instruments and the technologicalinstruments. They constitute the modern trivium, which I calledrespectively literacy, matheracy, and technoracy (D’Ambrosio, 1999).This is a proposal for a curriculum based on developing a broadperception of the complexity of the world and of society and providingthe instruments to deal with such complexity. Literacy is the criticalcapability of processing information, such as the use of written andspoken language, of signs and gestures, of codes and numbers.Nowadays, reading must include also the competency of numeracy,of interpretation of graphs and tables, and of the other several means ofinforming the individual. Reading even includes understanding thecondensed language of codes. These competencies have much more todo with screens and keys than with pencil and paper. Matheracy is thecritical capability of inferring, proposing hypotheses, and drawingconclusions from data. It is a first step toward an intellectual posture,which is almost completely absent in our school systems. Matheracy iscloser to the way mathematics was present, both in classical Greeceand in indigenous cultures. The concern goes much beyond countingand measuring. Matheracy, proposes a deep reflection about man andsociety and aims at explaining and understanding reality. It is, indeed,symbolic analysis. This is the central idea behind the origins ofmathematics. This competency should not be restricted to an elite, as ithas been in the past. It is not the result of appropriation of skills, but itis acquired through competency to analyze. Technoracy is the criticalfamiliarity with technology. Of course, the operative aspects of it are,in most cases, inaccessible to the lay individual. But the basic ideasbehind technological devices, their possibilities and dangers, themorality supporting the use of technology, are essential issues to beraised among children at a very early age. As a historian, my resourceis the critical perception of past and of future as a guide for action inthe present, and history show us that ethics and values are intimatelyrelated to technological progress.Proficiency in Mathematics means much more than counting,
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measuring, sorting, comparing and solving problems aimed at drilling.Regrettably, even conceding that problem solving, modeling, andprojects are practiced in some mathematics classrooms; the mainimportance is usually given to developing skills, particularly in themanipulation of numbers and operations. But problems and situationspresent in daily life are new and unexpected. Students should beprepared to tackle the new. The three instruments together, whichobviously include reading, writing and basic mathematics, constitutewhat is essential for citizenship in a world moving swiftly toward aplanetary civilization.
Concluding Remarks
Civilization, as well as life of all the animal species, is threatened.There will not be a privileged group of humans, as we are told in theEpic of Gilgamesh or in the biblical episode of Noah that will survive.I understand the threat to the species as the broadest violation of SocialJustice. I tried to avoid commenting or reinforcing the proposals ofcolleagues who are presenting their views on a better MathematicsEducation. All are proposed with extreme competence, presentingimprovements of Mathematics Education aimed at full citizenship. Myobjective in this talk was to bring to the attention of mathematicseducators the need to give their thoughtful and serious consideration toa broader concept of Social Justice, focusing the State of the World andthe real threat to civilization.Paraphrasing Bertrand Russell and Albert Einstein in the PugwashManifesto (1955)10, a New Thinking is needed to achieve SocialJustice, meaning equilibrium and safety, in a world menaced byexhaustion of resources, which lead to war and fear. Mathematiciansand Mathematics Educators have powerful means of developing newconcepts and techniques to cope with the major threats to the survivalof civilization.
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6 For a discussion of labor in the future, see Robert B. Reich: The Work of Nations: Preparing
Ourselves for 21st Century Capitalism, Vintage Books, New York, 1992.
7 Harsh views of the future of employment, revealing the inadequacy of current educational
systems, can be read in Viviane Forrester: The Economic Horror, Routledge Pub., New York,
1999.
8 http://www.iite.unesco.org/pics/publications/en/files/3214592.pdf.
9 According to Bertrand Russell “Mathematics possesses not only truth, but supreme beauty – a
beauty cold and austere, like that of scultpture”.
10http://www.pugwash.org/about/manifesto.htm.
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beyond a focus on “dominant” mathematics ­­ the mathematics thatcredentials people for well paying jobs in society, that is required instandardized assessments, and that privileges a Western stance(Gutiérrez, R., 2000; 2002a; in press; Gutiérrez & Dixon­Román, 2010).Because equity ultimately is related to the distribution of power, aquality mathematics education also must include a focus on “critical”(Frankenstein, 1990; Greer, Mukhopadhyay, Powell, & Nelson­Barber,2009; Gutiérrez, R., 2010; Gutstein, 2006; Mukhopadhyay & Greer,2001; Skovsmose & Valero, 2001; Skovsmose, 2011) and “community”perspectives on mathematics (Martin, 2006; 2007) that acknowledge thehuman activity of mathematics (D’Ambrosio, 2006; Ascher,2002)—that it is constantly being (re)made by people in negotiationwith each other and their surroundings. Although this broader view ofmathematics is gaining ground, most researchers/educators continue toframe equity from a deficit perspective—we need to get more people ofdiffering walks of life to do mathematics so that they can reap the socialand economic benefits of participating in society, not because theirparticipation will somehow change the nature of mathematics as adiscipline or our relationship with (each other on) this planet. Yet, untilwe are able to see that mathematics needs people as much as peopleneed mathematics (Gutiérrez, 2002a; 2008; 2010), we risk tinkeringwith education in a way that fails to address power issues or truetransformation in society.For most white and middle class people, a focus on dominantmathematics means we assume they will walk the very path that theirancestors did and will need only that mathematics to make sense of theworld around them or to have fulfilling lives (unlikely in the 21stcentury). For most women, the working class, and people of color, afocus on dominant mathematics means that engaging in schoolmathematics largely requires becoming someone else. And while alllearning ultimately assumes we will grow, some students are offered agreater opportunity to maintain parts of their cultural identity whilegrowing in, and contributing to, the field of mathematics.
hile many educational researchers see “educational quality” aslargely synonymous with rising test scores, I focus my attentionmore broadly. A quality mathematics education goesW
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Most conceptions of “knowledge” for teaching incorporate three areas:1) content knowledge, 2) pedagogical knowledge, and, to a lesserextent, 3) knowledge of students. [See Figure 1] This ranked orderexists not just among researchers, but also among teacher candidates.For example, secondary pre­service math teachers think of themselvesprimarily as “teachers of math” not “teachers of students.” Most teachereducators can attest to the fact that addressing issues of equity inmathematics often is met with resistance from pre­service teachers or isviewed as something one can tack on, after the mathematics is learned.
Knowledge for teaching in the 21st Century
Figure 1 Traditional Conceptions of Teacher Knowledge
The kind of mathematics that I envision would allow students to feel“I’m doing this mathematics in my language, using algorithms from myhome culture, answering questions that are of importance to me, andserving the needs of my community.”This broader and more humanistic conception of mathematics requiresteaching that moves beyond the ability to perform well on standardizedtests or measures of conceptual knowledge. Such teaching encouragesstudents to develop a positive sense of themselves as mathematical andcultural learners (e.g., Boaler, 2002; Martin, 2009) as well as to makesense of their surroundings using mathematics (Gutstein, 2003; 2006;Frankenstein, 1994; 1997; 2009; D’Ambrosio, 2006). This approachrequires that we reconsider some of the taken­for­granted concepts usedin mathematics education. One such concept is “knowledge.”
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The question then arises: How might we conceive of “knowledge forteaching” in ways that honor a broader conception of both a)mathematics and b) student diversity in society?For the most part, knowledge is seen as something that oneaccumulates and then applies to the teaching setting2. A prominentexample of this is the fact that we tend to write about teacher beliefsand teacher dispositions as something separate from knowledge(Thompson, 1992; Ernest, 1994). Even those who acknowledge asociocultural perspective on learning and therefore see knowledge asconstructed in negotiation with others in a community of practice(Wenger, 1999; Cobb & Yackel, 1998) often fail to take intoconsideration identity politics or issues of power (Gutiérrez, 2010).Most models of mathematics teacher education that aim to developeffective teachers of marginalized students (e.g., low performers,English language learners, students of color, working class students),rely on strategies that underscore the need for a mainly white, middle­class female population to understand the schooling experiences of“others” (see for example Darling­Hammond & Bransford, 2005).Beyond developing a “deep and profound understanding ofmathematics” (Ma, 1999), we ask pre­service teachers to read aboutthese students and their schooling experiences (e.g., Nieto, 1999), to befamiliar with the effective strategies of specific teachers in their localcontexts (Boaler, 2002; Gutstein et al., 1997; Gutstein, 2003; 2005;Silver & Stein, 1998; Khisty & Viego, 1999; Ladson­Billings, 1995;Gutiérrez, R., 1999a, 2000, 2002; Reyes, Scribner, & Scribner, 1999;Strutchens et al., 2011), to survey the communities in which they liveso as to access their out­of­school mathematical practices (deAbreu &Cline, 2007; Nasir, N., 2007; Cinzia, 2005) or “funds of knowledge”(Civil & Kahn, 2001; Civil and Andrade, 2002; Civil, Planas, &Quintos, 2005; Diez­Palomar et al., 2008; Gonzalez et al., 2001;Turner, et al., 2011); all very important goals in a humanizingpedagogy.However, without sensitive and expert teacher educators, thesestrategies run the risk of: 1) promoting a kind of “static” and/or“essentialized” notion of what it means to “know” something or 2)failing to connect this “knowing” with specific action in theclassroom—e.g., “Given this new information, what do I do on an
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an everyday basis in my math classroom?” The latest trend in trying toquantify the mathematical knowledge for teaching (Hill, Rowan, &Ball, 2005) and defining “quality teaching” based on studentachievement (Barnett & Amrein­Beardsley 2011) reflect the emphasison a universalistic sense of “knowing.” What seems to be missing inmost research in mathematics teacher education is a genuineconnection with students that acknowledges hybrid identities (Pieterse,2004; Gutierrez, Baquedano­Lopez, & Tejeda, 1999; Boaler, 2002),multiple realities (Anzaldúa, 1987), and the critical/human nature ofmathematics (D’Ambrosio, 2006; Gutiérrez, R., 2002; 2007). A modelof knowledge needed for equity teaching in the 21st century wouldinvolve a focus on not just content knowledge, pedagogicalknowledge, and knowledge of students, it would involve politicalknowledge: negotiating the world of high stakes testing andstandardization, connecting with and explaining mathematics tocommunity members and district officials, and buffering oneself,reinventing, or subverting the system in order to be an advocate forone’s students (Gutiérrez, 1999b; 2007; in preparation). [See Figure 2]
Figure 2 Political Conocimiento for Teaching Mathematics
I draw upon the writings of Gloria Anzaldúa (Anzaldúa, 1987; 1990;2000; Anzaldúa & Keating, 2002; Keating, 2005) in order to
Conocimiento, Nepantla, & Desconocimiento
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reinvigorate the way we frame knowledge. Anzaldúa introduces twoterms that I find useful: conocimiento and Nepantla. Conocimiento is aSpanish word that literally translates to “knowledge.” Yet, just as theword educación3 carries meaning far beyond what is understood to be“education” in English, conocimiento has meaning that is missed witha mere translation. In Spanish, there are two ways to “know.” The verb“saber” means to know something, as in you know how much 2 plus 2is, or how to get to the grocery store from here. The verb “conocer”means to know someone or to be familiar with something (e.g., arestaurant), as in you have met or had an experience with anotherperson or thing. In English, our inability to distinguish betweenknowing something and knowing someone does not allow us tohighlight the aspect of “connections with others” as part of knowledge.Rather, knowledge tends to be seen as the product of a disembodiedact. And, human connections are relegated to the area of “beliefs”(Ernest, 1989; Nespor, 1987; Pajares, 1992; Pepin, 1997) “attitudes”(e.g., Koehler & Grouws, 1992; Lubienski, 2000; McGinnis et al.,1997), or “conceptions” (Thompson, 1992; Bergioli &McClosky,2006; Kastberg & D’Ambrosio, 2006). A focus on conocimiento offersthe opportunity to highlight this connected/embodied way of“knowing.” That is, teachers need knowledge “with” (not “of”)students/communities in order to be effective.Anzaldua’s use of conocimiento carries multiple meanings:“connection with others, “in solidarity,” “being receptive to others”“that aspect of consciousness urging you to act on the knowledgegained” or developing what she would call “outlawed” knowledges(ways of knowing that are not accepted or not recognized). Thesemultiple meanings are represented in the way she writes the term“nos/otras.” Spanish speakers recognize that the word “nosotras” is thefeminized version4 of the word “we” or “us.” Yet, the slash thatAnzaldúa inserts calls our attention to the fact that two perspectives arepresent. The “nos” can stand alone to mean “us,” as in Danos la pelota(Give us the ball). And, “otras” literally means “others.” So, whilenosotras (as a single word) might imply converging one’s experienceunder some larger concept of “unity” or “all students” (e.g., NCTM,2000) that strips us of our voices or unique needs, nos/otras with theslash in the middle allows us to see ourselves along side of others,
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connected, yet recognizing our differences.The concept of conocimiento leads Anzaldúa to construct Nepantla orthe space that represents “el lugar no lugar” (neither here nor there),what has been thought of as the “third space,” “between worlds,between realities, between systems of knowledge” (Anzaldúa, 1990;2000; Keating, 2005). As a lesbian Chicana writer, she draws on herpainful experiences in grappling with what it feels like to both alwaysand never belong somewhere (accepted neither by white feminists northe Chicano community that typically outcasts gays/lesbians). Shedraws strength from this indigenous stance, seeing it as something thathelps her as a mestiza (mixed race) endure. For Anzaldúa, it is fromthis place that we birth new perspectives on reality, new knowledges.It is this ability to exist in Nepantla (the uncomfortable space wherethere is no solid ground, that has no official recognition) that hascontributed to the expansion of new ways of asking questions, newtheories, and more interdisciplinary approaches to understanding theworld around us. Scholars of color, the working class, speakers oflanguages other than English, lesbians/gays/transgender peoples facedaily the challenge of living with constant tensions (e.g., of belongingand not belonging, of being highly visible and invisible at the sametime). When one lives with this constant tension, there tends to be agreater awareness and conocimiento con (familiarity with) uncertainty.Knowing that everything is conditional, that we may need to pull outanother hat to wear at any moment, we are tentative with our ways ofviewing the world. We develop the ability to see a different (possible)future than the one that is before us­­often as a way to reconcile ourconflicting voices within the many spaces in which we live.For Anzaldúa, we participate in a cycle of conocimiento (our framingof the world and consciousness) and Nepantla (“neither here northere”/multiple realities) [See Figure 3]. In fact, being able torecognize multiple realities is what generates new knowledge. So, inessence, we are dependent upon others as we construct newconocimiento because it requires interaction with our surroundings andcommunication of that framing with others—recognition of both the“nos” and the “otras” in nos/otras. Should we decide we do not wantto recognize the “other,” we can erase the slash in the word and resortback to a previous framing of the world based only on our own view
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(nosotras)5. This closed or ignorant stance desconocimiento6 involvesan active state of “distancing” or “refusing to know.” So, within thecycle, reaching Nepantla does not ensure that a new conocimiento(knowledge) will be constructed. In fact, Nepantla might be thoughtof as a necessary but insufficient condition for new knowledge.
Figure 3 The Path of Conocimiento
So, how might this new concept of knowledge help mathematicseducators? First, it offers a way to frame knowledge that honors themessy process whereby pre­service teachers come to greater awarenesswith both their own mathematical experiences and that of otherpeoples’ ways of experiencing mathematics7. That is, it does notsuggest that when white females have knowledge of diversecultures/languages, they can be mapped onto a universalistic view ofmathematics. Rather most pre­service teachers are more likely to gothrough phases of Nepantla, whereby they come to see their ownperspective along side of others’ but in a way that does not suggestthey must become the “other,” nor that the “other” must become them(collapsing under a “nosotras” umbrella). It means being able torecognize and value that space because it leads to a new framing ofmathematics for the pre­service teachers. For example, being able tosee that Latin@ students might choose to use Spanish in doingproblems (regardless of their fluency in English) or that such studentsshow greater engagement in exploring problems grounded in theircommunities may arise greater awareness in pre­service teachers as tohow contexts or issues of identity influence their own framings of the
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world with mathematics.Similarly, in mathematics teaching, a focus on conocimiento/Nepantlaoffers a way to acknowledge students’ ways of making meaning(Valero, Kilpatrick, Hoyles, & Skovsmose, 2005) in mathematics,regardless of whether those meanings are “forbidden knowledges” ornot socially sanctioned as mathematical. That is, teachers might lookfor their students to express their conocimiento in terms of what is the“nos” that they see/experience and what is the “otras.” Whatpreviously would be considered knowledge of dominant schoolmathematics might now be viewed as conocimiento with the history(written record) of socially sanctioned mathematicians. This would beseen as one aspect of mathematical “knowledge,” but not all of it.Other parts would include necessarily being able to see oneself (the“nos”) —e.g., one’s own understandings of concepts, one’s identity. Inconsidering the development of new conocimiento, it also means beingable to recognize states of Nepantla. So, in looking to understand whatstudents “know,” we might ask them to identify two views at the sametime (perhaps valuing their own view and also that of another, evenmore abstract view, or view of a classmate) and the way(s) in whichthis state of Nepantla led to a new conocimiento or framing of theirworld with mathematics. For example, a student might suggest that notall lines are straight. This is possible in Non­Euclidian geometry,though the student may not be able to articulate it. Moreover, studentsmay challenge the notion that “equal” means giving everyone the samesize slice of pizza at a birthday party. When some guests are 6 yearolds and some are adults, they may require equivalent proportions notequal sizes. Equal, here, as a mathematical concept would entail ratiosand proportions, would depend upon the meaning for why one is doingmathematics, and offer possible implications for sociopoliticalawareness with respect to the distribution of resources. As such, thesolution that everyone gets the same amount of pizza and thateveryone does not receive the same amount of pizza could be seen astwo different but equally viable points of view. The specific contextdoes not resolve the tension. Rather, multiple (conflicting)representations could all be mathematically correct.Typically, this kind of work has been noted as students’ informalunderstanding of mathematics (Bergioli & McClosky, 2006) as
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opposed to recognizing a potentially different framing on the world,not unlike that highlighted in ethnomathematics (Ascher, 2002;D’Ambrosio, 2006; Knijnik, 2011). Here the “nos” would be thestudent’s view and the “otras” would be the view of theinstitutionalized mathematics community. Most often, the goal inmathematics teaching is to try to get the student to become a legitimateparticipant (Lave & Wenger, 1991; Lampert, 1990) in the communityof mathematicians, thereby subsuming their identity within thecurrently sanctioned way of communicating in the field. This processresults in “nosotras” from the point of view of school mathematics, butis unlikely to encourage a view of “nos/otras” that opens up thepossibility for students to contribute to new ways of doingmathematics. Instead, mathematics tends to remain a fairly closedfield (Restivo, 1994), allowing only those already sanctionedmathematicians (e.g., university professors) to deal regularly withuncertainty. Unfortunately, many teachers are not aware of theuncertainty that is present in mathematics. Ask any person on the streetto describe the nature of mathematics and you will hear words like“black and white,” “absolute,” “one right answer,” “truth,” leaving youwith the idea that mathematics is static and predetermined. Yet, talk toa mathematician and you will learn that mathematics is constantlychanging and does not always give one right answer. In fact, many oftoday’s super­complex proofs (e.g., Kepler’s sphere packingconjecture, the “enormous theorem”) cannot be verified. Moreover,mathematics includes fields like complexity theory, chaos theory,fuzzy logic, fuzzy sets, and more. As society attempts to deal with itscomplex and dynamic surroundings, new forms of mathematics arebeing developed.Yet, when students offer a different view, they are seen as havingdeficient, underdeveloped, or misconstrued understandings ofmathematics. Let me be clear that I am not advocating for an “anythinggoes” kind of mathematics teaching. Rather, I am suggesting that whenteachers can recognize a student’s unique perspective along side of butequally important to a mathematician’s or math educator’s view, thereis greater potential for connection between the teacher, student, andnew possible forms of mathematics.This ability to perceive more than one reality also aligns with more
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recent studies on semiotics in mathematics education as they relate tothe construction of mathematical knowledge. For example,Steinbring’s (2005) notion of being able to maintain a view thatrecognizes the tension between situatedness and generality is necessaryfor the construction of new knowledge. Extending the work of Miller(1986), he says,
This new conceptual relation is neither reduced to familiar factor rule knowledge, nor is it separated from the familiarknowledge (for instance as isolated structures). Theknowledge construction thus fulfills the criterion that itrequires the old knowledge and at the same time transgressesit. (p. 197, my emphasis).
As such, the learner must be able to see both an old view ofmathematics and a new view of mathematics, such that the new view isseen as separate from, yet connected to the old.
Embracing Nepantla in a Mathematics Teacher Education Program
So what would these notions of conocimiento and Nepantla look likein practice? I turn, now, to research I have conducted with pre­serviceteachers in a secondary mathematics teacher education program toshow how an understanding of conocimiento and Nepantla influencetheir assessments of students as well as their teaching decisions.As part of a year­long “community of practice” with an urban highschool teacher and his Latin@ students, data was collected fromteacher candidates enrolled in courses at a large Midwestern universityduring the 2002­2003 academic year. The community of practiceinvolved 23 teacher candidates—10 males, 13 females. They were 22Caucasians and 1 Asian American. The teacher candidates wereundergraduate mathematics majors in good standing (or graduatestudents possessing a bachelor’s degree in mathematics) and enrolledin a cohort model of teacher education. Most were undergraduatejuniors and seniors (n=21) expecting to receive certification upongraduation, though two were completing a masters/certification degree.The courses in which they were enrolled as part of the community ofpractice were the first two of four secondary mathematics professional
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development courses required for certification in the state. These twocourses met twice a week (3 hours at a time) for 32 weeks over twosemesters. As part of a cohort of secondary mathematics teachercandidates, they completed coursework (including foundations coursesand student teaching) together for 2 years as required in their degreeprogram.I was the instructor for both of the courses that constituted thecommunity of practice. As a Chicana whose research centers uponissues of equity in mathematics and urban education, the students werefamiliar with my general position on the importance of makingmathematics meaningful to all students. In lectures and discussions, Ioften drew upon my research experiences with observations of mathteachers in Chicago who were particularly successful using InteractiveMathematics Program (Alper, et al., 1997) materials with their Latin@and black students.The school with which we partnered was an alternative Chicagopublic high school that shared building space with an elementaryschool. Murrieta High8 served 88 percent Latin@ students where 99percent qualified for free lunch and 6 percent had tested as low Englishproficiency. The 29 high school students who participated weregenerally unsuccessful in traditional schools. The students had toovercome a number of obstacles to attend Murrieta High ­­many ofthem held full time jobs (some held more than one), juggled childcarefor their children, crossed gang boundaries on the way to school, andsome were required to report to probation officers. Their choice toattend school was a deliberate one. Even so, the school was flexibleand attended as much as possible to students’ needs (e.g., the schoolday occurred 12:30pm until 6:30pm to ensure no late risers would missclass; school functions and fieldtrips emphasized the culture andlanguage of the students, new enrollees were admitted at the beginningof each of the 3 semesters). The high school students were enrolled inone of two courses (Algebra or Data Analysis/Probability) during the2002­2003 academic year. These courses gave them credit towardgraduating from high school.The practicing teacher in this community of practice, Philip , was agraduate of my university’s teacher education program. Philip was awhite male, monolingual English speaker who had grown up in an
Rochelle Gutiérrez ­ Embracing Nepantla
41REDIMAT ­ Journal of Research in Mathematics Education, 1 (1)
economically well off neighborhood and predominantly white school.Even so, he was committed to social justice and lived in theneighborhood of the school where he taught and rode his bicycle towork everyday. He held a deep understanding of mathematics (hadwon awards and taught calculus in the math department at theuniversity while still an undergraduate student) and when given anoption of any curriculum, he chose to adopt Interactive MathematicsProgram (IMP) materials because of the richness of the mathematicshe saw there. While still an undergraduate student in mathematics, heconducted research one summer with me and had taken three of mycourses (including a doctoral seminar on urban education). Thisteacher was chosen explicitly as he showed great potential to teachurban Latin@ students based upon his performance in the teachereducation program and my interactions with him. Philip deliberatelychose Murrieta over easier places to teach, and that became the site ofour partnership.This “community of practice” model of teacher education includedtwo university courses designed with an experimental format (designbased experiment) that was inextricably linked to the partner highschool wherein the teacher was effectively using IMP curriculummaterials. That is, a majority of the university readings andassignments were developed to serve the ongoing needs of the highschool teacher and his students. Among other things, readings,lectures, and case studies included topics such as: race/ethnicity/Latinidad, culture, critical mathematics, ethnomathematics,NCTM professional standards, technology, coverage versus depth,problems versus exercises, equity, whiteness, student voice, andcommunity.More specifically, the community of practice required pre­serviceteachers to: 1) visit the school/neighborhood community in Chicagoand complete mathematical activities with 2 high school math classes,2) engage in mathematical activities that were part of the high schoolstudents’ curriculum (some IMP, some participant created), 3) discussthe merits and challenges of those mathematical activities with theiruniversity professor and peers, 4) view video of the high schoolstudents’ experiences of the same math activities, 5) discuss with thehigh school teacher (in person and over conference call) the math
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activities and high school students’ experiences, 6) develop lessonactivities for use in the high school teacher’s class, 7) email weeklywith a high school partner for a 9­month period, 8) plan and execute aday­long field trip for the high school students to visit and learn moreabout the university.9As aforementioned, pre­service teachers were required to domathematical activities and then view video of math lessons, in part, todevelop their ability to analyze classroom events—from the point ofview of both students and teachers. Early on in the partnership, theydid an IMP activity that involved a spinner, a divided circle withvalues assigned to the areas, and two students at a fair [the point of theactivity was to figure out who had a better chance of winning the gameat the fair and to compare theoretical probability with empiricalprobability]. After the pre­service teachers completed the activity, theywere asked to comment on the kind of mathematics in which they wereengaged, what they were learning, and to assess to some extentwhether this would be a good curriculum to use with the students inMurrieta High (our partner). In general, the pre­service teachersenjoyed the activity, saw its power in connecting geometry withprobability (many of them had not thought of these connections),valued the emphasis on concepts over procedures, and assessed it aspart of a “quality” curriculum.Although they saw these positive aspects of IMP, when asked topredict how the high school students with which we were partneringmight experience the activity, they altered their views somewhat,suggesting that although it seemed to be a quality curriculum, it mightnot serve the purposes of learning for the students. They knew that thestudents were not strong in many of the basic skills needed to carry outthe activity and that they were seeing “probability” for the first time inschool math. They worried that there were not enough opportunitiesfor students’ repeated practice of problems, and so the students mightnot generalize their findings. Having seen the students code­switch(work partly in English, partly in Spanish), they also wondered howwell the curriculum would match their English proficiency levels.From the point of view of the pre­service teachers, IMP involved a lotmore reading than traditional textbooks. As such, when theyconsidered what they knew about the curriculum and what they knew
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about the students, they questioned whether IMP was a good choice foraddressing equity. Their framings centered on a kind of proficiencymatch, where students were seen from a deficit perspective.They then watched video clips from the lesson and were asked tocomment on things such as: what kind of mathematics students wereprocessing, how engaging was the mathematics, how it might connectto issues of equity we had discussed in class. When they saw howsuccessful and engaged the students were, the pre­service teacherschanged their framing to focus away from proficiency levels to issuesof access and achievement [See Figure 4]. That is, they noted thatbecause the high school students were doing well with these problems(were conjecturing and justifying their mathematical ideas), now thecurriculum might be seen as giving them access to rigorousmathematics (something that is not common in classrooms that serveLatin@ and black students). The fact that the high school studentswere engaged led my pre­service teachers to believe that this kind ofcurriculum would serve Murrieta students well in terms of becominglegitimate peripheral members of the mathematics community. Asthey watched more and more video clips throughout the year, theyfurther strengthened this view that IMP mathematics was a good matchfor addressing equity with these Latin@ students.Later in the year, Phillip (the math teacher), was visiting our class anddiscussing our lesson plans. He brought up the fact that he recentlyhad a discussion with his high school students about the mathematicscurriculum and wondered whether it was the right thing to have done.He explained to us that he was casually commenting about how themathematical activities in IMP (e.g., Baker’s Dozen, Overland Trail,and the Pit and the Pendulum) do not seem to reflect the students’lives. He suggested that in some ways, because math curricula are
Figure 4 Pre­service Teachers' Perspectives of a Quality Curriculum
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created by mainly white, middle class people, inner city students mustbe subjected to a kind of “parking their identity at the door” in order tolearn rigorous mathematics. He recounts his conversation with hisstudents, noting that they joked about the kinds of people making upthese problems. At the prompting of this story, my pre­service teachersbegan to think differently about the curriculum. In ourreadings/discussions, I had introduced to them the notion of qualitycurricula including a window and a mirror —a mirror in the sense ofoffering students a chance to see oneself; a window in the sense ofbeing able to see a different view onto the world. Several of themraised the question of whether this curriculum was adequatelyproviding a mirror to the high school students. And, if it was not,could we really consider the IMP curriculum as addressing equityconcerns? On the one hand, some pre­service teachers hung onto theidea that access to a rigorous curriculum was important in that theirachievement would give them social capital along with a greater abilityto do well on standardized tests for college. On the other hand, theyworried that access to a rigorous curriculum might have unintendedconsequences.Philip left us with his dilemma: Should he keep moving forward withthe IMP curriculum as it was written (giving his students access todominant mathematics) or should he switch to a version ofmathematics that better connected with their lived realities (perhapssocial justice mathematics)? He wondered whether bringing up thesubject of the curriculum as not reflecting their lives would backfireand the students would use it as an excuse for not doing math thefollowing week. The pre­service teachers, exasperated at this point,turned to me: “Was this or was this not a good curriculum foraddressing equity??!?” I turned it around on them, “Yes! You are nowin Nepantla. This is where we birth new knowledge.”My pre­service teachers recognized the multiple realities that existedin the situation and saw that both could exist alongside of each other,that there was no one “regime of truth.” They began to recognize thatmathematics curricula do not just provide access to future learning, butcan have a large impact on students’ identities inside and outside ofschool. It was to this kind of space (conocimiento) I was hoping tomove them. I explained that the knowledge they need for teaching is a
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lot like being in Nepantla, where there are no “right” answers. Iencouraged them to stay in this messy place (the neither here nor there)long enough to birth something new.We did not try to definitively answer the question about whether thiswas a quality curriculum or not, as this would have “resolved” thetensions that arose. Instead, we began posing questions and thinkingabout strategies for gaining more information and differentperspectives. Some of them suggested asking the high school studentswhat they thought and looking for suggestions from them. Otherswondered whether trying to alter some of the IMP contexts to makethem more like the students’ everyday experiences was the way to go.Still others thought there was nothing wrong with acknowledging thetension but proceeding with the IMP activities as they were written.We spent most of the rest of class that day developing a list of thingsthat began with the phrase “I wonder…”Needless to say, the high school students returned to doing their IMPmathematics the following week with no complaints (presumably notfeeling oppressed by “white” publishers). However, their teacher wenton to create a supplemental activity that engaged them in looking forrepresentations of themselves in popular media. The question theyasked was: What was the probability of finding someone like yourselfin magazines like Reader’s Digest, Time, Lowrider, etc. He hadstudents count the number of faces they saw in these magazines thatwere the same race/ethnicity, gender, etc. and try to develop asymbolic representation of their mathematical thinking to present toothers. He also noted the intriguing discussions that arose amongstudents concerning how one knows what race/ethnicity a person ismerely from looking at them. Although he lamented the lack of depthin the mathematical discussions that ensued (something he attributed tohis lack of experience in creating such mathematical experiences), hestill felt the work was worthwhile in that it acknowledged his attemptsto create solidarity with the students.
So how do the pre­service teachers’ framings of the situation reflect
their conocimiento and/or presence in Nepantla? They had moved
from a position of limited awareness of broader issues of equity
(beginning with their own positions and looking at the students from a
deficit perspective) to ones that were inclusive of others’ views. In this
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sense, they had gone from nosotras to nos/otras and had decided toreject the option of desconocimiento. Even so, from this stance, theyeasily could have decided to shift back to a view of teaching that gavegreater weight to the idea that the curriculum needs to reflect students’lives (and they likely would have felt less white guilt in doing so).However, in deciding to not resolve the tension right away, they wereopen to a view of teaching that could simultaneously assess thiscurriculum as being of high quality and also not high quality. Morethan just acknowledging the tension, they were prepared to act on thatheightened awareness (considering changes in mathematics activitiesso they might better reflect the lives of students, consulting withstudents as to what they thought was appropriate, and consideringaspects of teaching that were otherwise hidden). As such, they werewell on their way to a new conocimiento (a new relationship withstudents as related to their understanding of mathematics). Over thisyear­long process of engaging in the community of practice with Philipand his students, my pre­service teachers’ conocimiento with others (asopposed to of others) allowed them to see both a “nos” and an “otras”in situations and to shift their position from one of “othering” to one of“solidarity.” Discussion / Conclusions
A focus on conocimiento/Nepantla is useful in mathematics educationfor many reasons. First, its “connection to people” allows a closeralignment with goals to incorporate a more humanistic/critical view ofmathematics and the identity issues that are embedded. Such a focusalso moves us away from the idea that a unity umbrella (e.g.,“mathematics for all”) is the key to preparing teachers for a diversesociety. Conocimiento, as a part of a larger cycle, is never complete or“fixed.” So, it allows us to name the process and fragility/frustrationthat many teacher candidates (and students) will go through as theyattempt to better understand their own views and uses of mathematicsand then try to relate those views and uses to others. While manyresearchers have commodified Anzaldúa’s notion of “border theory,” Ireturn to her original emphasis on Nepantla in order to reclaim theindigenous perspective.A Nepantla/conocimiento perspective also aligns with recruitment
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strategies (e.g., getting more people of color into teaching), but not justbecause they may be able to connect with a diverse student population.Rather, because of their marginalized status in society, Lesbian/Gay/Bisexual/ Transgender/ Queer/ Questioning teachers, speakers ofmultiple languages, and teachers of color may be uniquely positionedto deal with greater levels of uncertainty that are found in teaching(Edwards, Gilroy, & Hartley, 2002) than their white peers.Distinct from “cognitive dissonance” (where one chooses betweentwo realities/perspectives to reduce the differences) and “care”(Noddings, 1992) where one is in a nurturing/superior role to others asopposed to being in solidarity with them, conocimiento/Nepantlamoves beyond a disconnected/disembodied way of “knowing” and/or amissionary stance and offers a new perspective for mathematicsteachers/scholars to consider.Having a language to talk with developing practitioners is importantas it offers perspectives on the often hidden aspects of everyday work.By having this language, it also has allowed me as a teacher educatorto give a new set of lenses to teachers to help them see their worlds.Instead of giving them tools to use in their classrooms, giving themlenses helps them develop theories and learn to see how theory andpractice are always intertwined.Beyond its usefulness in mathematics teacher education andprofessional development, a view of knowledge that reflectsNepantla/conocimiento is also important to the field of mathematicseducation research. One of the strengths of focusing on tensions inteaching is that it better captures the negotiations that teachersundergo. In doing so, instead of locating practices within teachersalone, a focus on tensions has a greater likelihood of bringing in theidentities of students, colleagues, administrators, and others.Documenting the tensions that arise for teachers as they negotiatetheir practice with students, colleagues, parents, administrators,textbook publishers, and community members can help us betterunderstand the complexity of teaching. In doing so, we may be able tochallenge the current trend in educational policy of measuring teacherknowledge separate from the students teachers serve and of tyingteacher quality to student achievement scores alone.More than just documenting the kinds of tensions that arise in the
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everyday work of teachers, researchers must also seek patterns in thesetensions (probing for their nature with respect to such things as racism,sexism, classism, language politics). We also must look to betterunderstand the relationship between these tensions and the identities ofpractitioners and learners (i.e. In what ways do the tensions that arisein teaching relate to the identities and ideologies of teachers andstudents?). In developing these patterns of tensions, it canhelpresearchers develop a language that does not currently exist fortalking about the complex nature of teachers’ work when socialtransformation, not mere access to “rigorous mathematics” is the goal.
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Notes
1 I use the @ sign to indicate both an “a” and “o” ending (Latina and Latino). The presence of
both endings de­centers the patriarchal nature of the Spanish language, where is it customary for
groups of males (Latinos) and females (Latinas) to be written in the form that denotes only males
(Latinos). As opposed to the more commonly used Latina/o, I write the term Latin@ with the “a”
and “o” intertwined as a sign of solidarity with individuals who identify as lesbian, gay, bisexual,
transgender, questioning, and queer (LGBTQ).
2 Noted exceptions include some of the recent work of Deborah Ball and colleagues, as well as
Mason & Spence (1999) and Even & Tirosh (2002).
3 In Mexico, educación generally encompasses the moral, social, and intellectual development of
a person. As such, saying that a person is “bien educado” (well educated) is more of an indication
that the person is well raised/mannered than that the person is “book smart.”
4 Anzaldúa uses the feminized version (ending in “a” instead of “o) in order to decenter the
patriarchal nature of the Spanish language where groups of females and males are referred to in
the masculine version. .
5Although Anzaldúa suggests that a focus on nosotras (without the slash) can be considered a
stance that is refusing to know (the other), she also recognizes that in the future, when peoples are
in greater solidarity, we may no longer need the slash. That is, she sees the potential for us to
evolve to a more compassionate/connected human existence/consciousness such that the need to
divide (to identify an us/them) will no longer be necessary. This would be an ideal state.
6 Desconocimiento translates to “ignorance” in English.
7 See for example, Martin (2006; 2007) for an explanation of the racialized experiences of
mathematics learning that his African American community college students have undergone.
8 Murrieta, like all proper nouns in this manuscript, is a pseudonym to protect the identity of the
practicing teacher, his students, and the school.
9 See Gutiérrez (2004) for a more extensive explanation of methods and analysis of this
“community of practice” model of teacher education. .
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existente puede encontrarse en Thompson (1992). Pero en relación a unapostura sociocultural de la educación matemática son muy escasos losestudios, y los pocos que existen indagan tangencialmente el papel delas matemáticas en la sociedad, como lo hace Camacho, Hernández, &Socas (1995). Y es que las actitudes juegan un papel muy importante ala hora de formar docentes pues son éstas las que “nos predisponen ydirigen sobre los hechos de la realidad” (Gairín, 1987, pág. 21). En estemismo sentido, la actitud puede verse como uno de los descriptoresbásicos del dominio afectivo y puede definirse como “unapredisposición evaluativa (es decir positiva o negativa) que determinalas intenciones personales e influye en el comportamiento” (GómezChacón, 2000, pág. 23).De acuerdo con la idea anterior, sobre la falta de estudios que indaguensobre la actitud hacia una postura sociocultural y de preocupacionesteóricas al buscar elementos característicos de una postura socioculturaly política de la educación matemática y las implicaciones que estoconlleva en el aula de clases, surge la necesidad y la importancia deindagar sobre: ¿Cuál es la actitud hacia una postura sociocultural ypolítica de la educación matemática de los estudiantes de segundo añodel grado de educación primaria de la Universidad Autónoma deBarcelona? Será esta actitud la que influirá en su trabajo en el aula, en eldiseño de actividades, en el reconocimiento y reflexión sobreproblemáticas sociales en el aula y fuera de ella, y en general en todassus actividades docentes.Para responder la pregunta de investigación, este trabajo se planteó lossiguientes objetivos: por un lado, establecer elementos que caracterizanuna postura sociocultural y política, que surgen del análisis comparativode cuatro corrientes teóricas: Etnomatemática (D'Ambrosio, 1997),Enculturación Matemática (Bishop, 1999), Objetividad Cultural(Radford, 2006) y Educación Matemática Crítica (Frankenstein, 1983;Gutstein, 2007; Skovsmose, 1999; Valero, 2004); por otro lado, exponerconsonancias y disonancias entre las actitudes de los estudiantes
a investigación de las actitudes de los maestros en formacióninicial ha sido bastante investigada, en particular en relacióncon las matemáticas. Una amplia revisión de la literaturaL
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y dicha perspectiva sociocultural y política de la Educación Matemática.Finalmente, se espera que los resultados de esta investigación sean deutilidad para el diseño de currículos de educación matemática para laformación inicial de maestros.
Marco teórico
Corrientes teóricas estudiadas
Con el objetivo de establecer elementos que caracterizan una posturasociocultural y política de la educación matemática se analizaron ycompararon las ideas centrales de cuatro teorías: Etnomatemática,Enculturación matemática, Educación matemática crítica y objetividadcultural, que fueron seleccionadas por ser las más representativas en lainvestigación sociocultural en educación matemática. Producto de estacomparación son las transversalidades y diferencias que se presentan acontinuación.
Transversalidades y diferencias entre las corrientes teóricas de estudio
Partiendo de las ideas de cada una de las cuatro teorías socioculturalesen relación con las matemáticas y las matemáticas y el contextosociocultural y político, se efectuó un análisis de los elementos comunesy las diferencias entre cada una de ellas. Así pues, por un lado loselementos transversales encontrados fueron los siguientes:­ Una postura antropológica del conocimiento, en tanto que lasmatemáticas son un producto de la actividad social y cultural.­ En el sentido anterior, reconocen la existencia de pensamientosmatemáticos diversos al margen de las matemáticas occidentales.­ Reconocen que los problemas de aprendizaje y enseñanza de lasmatemáticas van más allá de lo cognitivo y metodológico.La Etnomatemática intenta rescatar el pensamiento matemático noacadémico de grupos culturales (comunidades indígenas, comunidadesafrodescendientes, etc.), y tomarlo como punto de partida para laenseñanza de las matemáticas académicas. Así mismo, investiga sobre elpensamiento matemático desarrollado por las personas en el ejercicio desu oficio, por ejemplo carpinteros, albañiles, modistas, etc., y loincorpora al currículo escolar.
La Enculturación Matemática se enfoca, a su vez, hacia el desarrollodel nivel formal de la enculturación, donde ésta puede ser intencional,explicita y los valores de las matemáticas pueden potenciarse.La Educación matemática crítica presenta una discusión filosófica sobrela democracia, el poder, y la alfabetización y sus relaciones con laeducación, en particular la educación matemática. Su finalidad es quelos estudiantes desarrollen competencias matemáticas, tecnológicas yreflexivas para formar mejores ciudadanos, con capacidad de analizarsituaciones sociales de racismo, género, equidad y justicia social, etc., ypoder actuar ante ellas. Este enfoque se diferencia de la Etnomatemáticay la Enculturación matemática en que es un enfoque socio­político,donde los conceptos de democracia y poder juegan un papelfundamental, mientras que los dos enfoques anteriores son socio­culturales.Por último, la Teoría cultural de la objetivación trabaja sobre la basegeneral de la objetivación, que consiste en un proceso de pasar de unnivel concreto a un nivel abstracto pero estrechamente relacionado conlos significados culturales, en palabras de Radford: “el aprendizaje noconsiste en construir o reconstruir un conocimiento. Se trata de dotar desentido a los objetos conceptuales que encuentra el alumno en sucultura. La adquisición del saber es un proceso de elaboración activa designificados” (2006, pág. 113). Radford se basa en las ideas de Husserlsobre fenomenología y da pautas teóricas para el diseño de actividadespara el aula, intentando crear en el salón de clase una comunidad deaprendizaje. Dicha teoría se relaciona con la Etnomatemática en tantoque le da valor a los saberes extraescolares, y se diferencia de laEducación matemática crítica en tanto que no puntualiza en unaorientación política.
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En síntesis, algunas características en relación a las matemáticas y lasmatemáticas y el contexto sociocultural y político que constituyenparte fundamental de un enfoque sociocultural y político de laeducación matemática, son las listadas en la tabla 1 Dichascaracterísticas, surgen como resultado del análisis comparativo de lascorrientes teóricas presentadas anteriormente.
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Síntesis del análisis comparativo
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Esta investigación fue de tipo descriptiva, e hizo uso de unametodología mixta: cuantitativa y cualitativa, puesto que se aplicó uncuestionario cerrado tipo Likert con dos preguntas abiertas con el finde recolectar información sobre las actitudes hacia una posturasociocultural y política de la educación matemática de los estudiantesde segundo año del grado de educación primaria de la UAB.
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Componente Característica
Reconoce y respeta la diversidad depensamientos matemáticos existentes en elmundo, donde las matemáticas occidentales hansido las más desarrolladas a lo largo de lahistoria.Se reconoce como matemáticas el pensamientomatemático de distintos grupos laborales comocarpinteros, modistas, albañiles, etc., aunquedicho conocimiento no goce de una estructuraaxiomática.
Las matemáticas son creadas por el hombre yhabitan en la tradición cultural.Se reconoce las matemáticas como unaherramienta de análisis fundamental para laformación de ciudadanos críticos.Las matemáticas tienen fuertes relaciones con lacultura y la cosmovisión.El aprendizaje de las matemáticas no sólodepende de las metodologías de enseñanza,también las interacciones con compañeros,profesores y padres de familia juegan un papelimportante en dicho proceso. Así como losproblemas de tipo lingüístico se convierten enbarreras para el aprendizaje de las matemáticas.
En relación a lasmatemáticas
En relación a lasmatemáticas y al contextosocial, cultural y político
Se reconoce la necesidad de formar estudiantescríticos, desde las matemáticas, frente aproblemas sociales como: el racismo, lasdiferencias de género, el elitismo, la democracia,el poder, etc., que afectan el aprendizaje de lasmatemáticas y que existen en las instituciones yen las aulas de clase de matemáticas.
Tabla 1 Características de un enfoque sociocultural y político de la educación matemática
Diseño de investigación
Aproximación metodológica
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Instrumentos de recolección de datos
Para esta investigación se consideró adecuado diseñar un cuestionariocerrado con escala Likert con dos preguntas abiertas, al considerarseuno de los métodos más conocidos para medir, por escalas, lasactitudes (Ursini, Sánchez, & Orendain, 2004). En adelante se explicaen detalle la construcción de la escala Likert y el diseño de laspreguntas abiertas.
Diseño y validación del cuestionario tipo Likert
En el momento de llevar a cabo la investigación, no se encontróninguna escala de actitudes hacia una postura sociocultural y política,así que se decidió construir una escala propia. En el proceso deelaboración se tuvo en cuenta las recomendaciones de Morales, Urosa,y Blanco (2003). En primer lugar se delimitó el contenido a evaluar yse especificó el formato de los ítems. Estos constaban de un enunciadoy una escala de cinco puntos que valoraba las repuestas en Totalmentede acuerdo (TA), De acuerdo (A), Indeciso (I), En desacuerdo (D),Totalmente en desacuerdo (TD), con puntuaciones internas de 5, 4, 3, 2y 1 respectivamente.La primera lista de ítems se elaboró con base en las características dela postura sociocultural y política definidas en la tabla 1, en relacióncon las componentes: las matemáticas y la relación entre lasmatemáticas y el contexto social, cultural y político, dando un pesoequivalente a cada una. De acuerdo con Morales et al. (2003) se tuvoen cuenta: a) Redactar los ítems con claridad, de manera que todos losencuestados los entiendan de la misma manera; b) Incluir ítemspositivos y negativos, para evitar el problema de la aquiescencia, esdecir que los sujetos contesten totalmente de acuerdo sin importar elcontenido del ítem; c) Escribir los ítems en afirmativo, procurandoutilizar muy poco las palabras no y nunca, un ejemplo de ítem negativosería: Las tribus africanas carecen de nociones matemáticas, en vez deescribir: las tribus africanas no tienen nociones matemáticas; d.)Colocar los ítems de una misma componente agrupados, no en formadesorganizada.
El cuestionario inicial contenía 20 ítems, 10 de la componente lasmatemáticas, y 10 ítems de la componente la relación entre lasmatemáticas y el contexto social, cultural y político.El proceso de validación inicial constó de una aplicación piloto delinstrumento a cuatro estudiantes de cuarto año de Grado de EducaciónPrimaria de la UAB. A partir de los resultados obtenidos semodificaron los enunciados de los ítems pues algunos no eran claros ypermitían ambigüedades y se eliminó la columna de indeciso en laescala para que de esta manera los estudiantes tomaran una posiciónfrente a cada ítem. De acuerdo a dichas observaciones se rediseñó elcuestionario, pasó a tener 22 ítems, 12 de la componente lasmatemáticas y 10 ítems de la componente la relación entre lasmatemáticas y el contexto social, cultural y político. Además, la escalavalorativa quedó como: Totalmente de acuerdo (TA), De acuerdo (A),En desacuerdo (D), Totalmente en desacuerdo (TD), con puntuacionesinternas de 4, 3, 2 y 1 respectivamente.Posteriormente, el cuestionario se sometió a evaluación por cincopares, con diferentes perfiles profesionales que emitieron su valoraciónsobre la pertinencia y claridad de cada ítem. Finalmente, el listadodefinitivo, que se presenta a continuación, quedó conformado por 18ítems, 10 de la componente las matemáticas y 8 ítems de lacomponente la relación entre las matemáticas y el contexto social,cultural y político. Los ítems se clasifican en positivos o negativos, nosegún su construcción sintáctica, sino en función de que esté o no deacuerdo con las características de un enfoque sociocultural y políticodefinidas anteriormente. La tabla 2 presenta los enunciados, ladistribución de los ítems según el componente y el tipo de ítem.
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No. Enunciado Componente Tipo de ítem
1 Las mujeres africanas que tejenfiguras como cuadrados, círculos,triángulos, etc. en los cestos o enla ropa tienen nociones degeometría
Matemáticas Positivo
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2 Son adecuados los patrones demedida como el pie y el palmoque muchos albañiles ycarpinteros utilizan en su trabajo
Matemáticas Positivo
3 No es necesario que una personasepa leer ni escribir, para quepueda realizar cálculos mentalescomo sumas y restas
Matemáticas Positivo
4 Los incas en Sudamérica, losmayas en Centroamérica, losyoruba en África y los árabes enIrak crearon cada uno sus propiossistemas de numeración. De estamisma manera cualquier grupocultural en el mundo puededesarrollar su propio sistema denumeración.
Matemáticas Positivo
5 Las matemáticas, el lenguaje, lamúsica, etc., forman parte de lacultura.
Matemáticas Positivo
6 Las matemáticas son creadas porel hombre y responden a lasnecesidades particulares de unasociedad a lo largo de su historia.
Matemáticas Positivo
7 Las tribus africanas tienennociones matemáticas. Matemáticas Negativo
8 Fuera de la escuela sí se aprendenmatemáticas. Matemáticas Negativo
9 Hay comunidades indígenas en laAmazonía brasilera que tienenpalabras en su lengua local paracontar solo hasta tres, despuésdicen muchos. Esto no se debe afalta de educación escolar
Matemáticas Negativo
No. Enunciado Componente Tipo de ítem
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10 Existen comunidades querelacionan el número cinco con lamano, entonces para decir diez,dicen dos manos. Ésta es unaforma adecuada de simbolizar losnúmeros
Matemáticas Negativo
11 Muchos estudiantes pakistaníes,turcos, o marroquíes tienen malrendimiento en matemáticasporque tienen problemas paraentender el catalán
Las matemáticas yel contexto social,cultural y político
Positivo
12 Para formar estudiantes críticoses importante que los alumnosdominen la estadística
Las matemáticas yel contexto social,cultural y político
Positivo
13 Si mis compañeros de clase dematemáticas me dicen que soybueno en esta materia, estoinfluye en mi rendimientoacadémico
Las matemáticas yel contexto social,cultural y político
Positivo
14 No importa ser niña o niño paraser bueno en matemáticas Las matemáticas yel contexto social,cultural y político
Positivo
15 Las creencias y sentimientoshacia las matemáticas afectan suaprendizaje
Las matemáticas yel contexto social,cultural y político
Positivo
16 El aprendizaje de las matemáticasno sólo se debe a una buenametodología utilizada por elprofesor
Las matemáticas yel contexto social,cultural y político
Negativo
17 Las matemáticas y las cienciassociales sí se relacionan Las matemáticas yel contexto social,cultural y político
Negativo
No. Enunciado Componente Tipo de ítem
18 Las matemáticas son unaherramienta útil para entender losproblemas sociales actuales
Las matemáticas yel contexto social,cultural y político
Positivo
Tabla 2 Lista de ítems del cuestionario, componente al que pertenecen y tipo
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Preguntas abiertas
Con el propósito de profundizar en las ideas de los maestros enformación inicial acerca de la relación matemáticas y contextosociocultural y político, y obtener información cualitativa para luegotriangularla con los resultados de la escala Likert, se agregaron alcuestionario dos preguntas abiertas, que los estudiantes debíanresponder después de leer la siguiente frase tomada del currículumoficial de primaria de la Generalitat de Catalunya (2009):
Las matemáticas son un instrumento de conocimiento y análisis dela realidad y al mismo tiempo constituye un conjunto de saberes deun gran valor cultural, cuyo conocimiento ha de ayudar a todas laspersonas a razonar, de manera crítica, sobre las diferentesrealidades y las problemáticas del mundo actual.
(Generalitat de Catalunya, 2009, p. 126)
Las dos preguntas abiertas planteadas fueron:(1) ¿Cómo interpretas esta frase?(2) ¿Cómo crees que se podría lograr formar estudiantes críticosfrente a las problemáticas actuales desde las matemáticas?
Población
El grupo que participó en la investigación fue de 154 maestros enformación inicial, todos ellos estudiantes de segundo año del grado deeducación primaria de la Universidad Autónoma de Barcelona,conformado por 145 mujeres y 9 hombres, con edades que oscilanentre los 19 y 33 años, con una media de 20,5. La formaciónacadémica de bachillerato de cada uno de los estudiantes varía deacuerdo a los distintos tipos de bachillerato existentes en Catalunya.Finalmente, la selección del grupo fue por conveniencia.
Análisis de los resultados
Para realizar el análisis de las respuestas al cuestionario tipo Likert,primero se vaciaron las respuestas en el programa SPSS para ver losporcentajes de puntuación de los valores de la escala en cada uno delos ítems. Luego, estos se analizaron teniendo en cuenta que los ítems1 al 10 fueron diseñados en relación a la componente las matemáticas
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de las características de una postura sociocultural y política presentadasen la tabla 1.0. Así mismo, los porcentajes de puntuación de los ítems11 al 18 se analizaron teniendo en cuenta la componente relación de lasmatemáticas y el contexto sociocultural y político.Para realizar el análisis de las preguntas abiertas, se realizaron variaslecturas de las respuestas, a la vez que se iban creando un conjunto deetiquetas para clasificarlas. Dichas etiquetas, su descripción y la com­ponente a la que pertenecen se presentan en la tabla 3.
La tabla 4 muestra los porcentajes de puntuación en la escalavalorativa de cada ítem.
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Etiqueta Descripción Componente
Las matemáticascomo herramienta Se presenta a las matemáticascomo una herramienta útil pararesolver problemas cotidianos ypara desarrollar la capacidad deanálisis, reflexión y crítica de losproblemas sociales.
Las matemáticas
Crítica a la enseñanzade las matemáticas Se critica el énfasis algorítmicoque muchas veces se le da a laenseñanza de las matemáticas.
Las matemáticasrelacionadas conotras disciplinas
Se refiere a la importancia derelacionar las matemáticas conotras disciplinas.
Las matemáticas y elcontexto social,cultural y político
Actividadespropuestas Trata sobre las actividades que sepodrían desarrollar en el aula declase para formar estudiantescríticos. Éstas tratan de:Ecología, Economía, Estadística,Equidad y respeto, Desigualdadeconómica, InterdisciplinariedadMotivación, Modelosmatemáticos, Debates,Resolución de problemas
Tabla 3 Etiquetas, descripción y componente al que pertenecen
Resultados y análisis de los datos
Resultados del cuestionario por ítems
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Ítem Enunciado A(Deacuerdo) D(Endesacuerdo) TD(Totalmenteendesacuerdo)
TA(Totalmentede acuerdo)
Componente matemáticas1 Las mujeres africanas que tejen figurascomo cuadrados, círculos, triángulos,etc. en los cestos o en la ropa tienennociones de geometría
55.84% 16.88% 3.25%24.03%
2 Son adecuados los patrones de medidacomo el pie y el palmo que muchosalbañiles y carpinteros utilizan en sutrabajo
43.51% 32.47% 11.04%12.99%
3 No es necesario que una persona sepaleer ni escribir, para que pueda realizarcálculos mentales como sumas y restas
39.61% 15.58% 4.55%40.26%
4 Los incas en Sudamérica, los mayas enCentroamérica, los yoruba en África ylos árabes en Irak crearon cada uno suspropios sistemas de numeración. Deesta misma manera cualquier grupocultural en el mundo puede desarrollarsu propio sistema de numeración.
48.70% 9.09% 0.65%41.56%
5 Las matemáticas, el lenguaje, lamúsica, etc., forman parte de la cultura 14.29% 2.60% 0.65%12.47%
6 Las matemáticas son creadas por elhombre y responden a las necesidadesparticulares de una sociedad a lo largode su historia.
7.14% 1.30%51.30% 40.26%
7 Las tribus africanas tienen nocionesmatemáticas 3.90% 0.65%38.31% 57.14%8 Fuera de la escuela sí se aprendenmatemáticas 22.73% 1.30% 0.65%75.32%
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Ítem Enunciado A(Deacuerdo) D(Endesacuerdo) TD(Totalmenteendesacuerdo)
TA(Totalmentede acuerdo)
9 Hay comunidades indígenas en laAmazonía brasilera que tienen palabrasen su lengua local para contar solohasta tres, después dicen muchos. Estono se debe a falta de educación escolar10 Existen comunidades que relacionan elnúmero cinco con la mano, entoncespara decir diez, dicen dos manos. Éstaes una forma adecuada de simbolizarlos números
51.95% 27.92% 5.19%14.94%
Componente matemáticas y contexto sociocultural y político11 Muchos estudiantes pakistaníes,turcos, o marroquíes tienen malrendimiento en matemáticas porquetienen problemas para entender elcatalán
18.18% 49.35% 28.57%3.90%
12 Para formar estudiantes críticos esimportante que los alumnos dominenla estadística
22.27% 57.14% 14.94%0.65%
13 Si mis compañeros de clase dematemáticas me dicen que soy buenoen esta materia, esto influye en mirendimiento académico
55.84% 11.69% 4.55%27.92%
14 No importa ser niña o niño para serbueno en matemáticas 10.39%89.61%15 Las creencias y sentimientos hacia lasmatemáticas afectan su aprendizaje
44.16% 2.60% 2.60%50.65%
16 El aprendizaje de las matemáticas nosólo se debe a una buena metodologíautilizada por el profesor
48.05% 38.96% 7.14%5.84%
62.99% 18.83% 2.60%15.58%
Componente matemáticas
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Ítem Enunciado A(Deacuerdo) D(Endesacuerdo) TD(Totalmenteendesacuerdo)
TA(Totalmentede acuerdo)
Componente matemáticas y contexto sociocultural y político17 Las matemáticas y las ciencias socialessí se relacionan 39.61% 1.30%59.09%
18 Las matemáticas son una herramientaútil para entender los problemassociales actuales
63.64% 7.14% 0.65%28.57%
Tabla 4 Porcentajes de puntuación de los ítems presentados todos en positivo
Resultados del cuestionario por ítems
La tabla 5 presenta las etiquetas creadas, la pregunta en la queaparece y el porcentaje de respuestas etiquetadas. Debe tenerse encuenta que de 154 participantes, el 96,1% (148) de la poblacióncontestó las dos preguntas abiertas, un 3,2% (5) no contestó la segundapregunta y un 0,64% (1) no contestó ninguna de las dos preguntas, loque indican un buen porcentaje de participación y genera confiabilidaden el estudio.
Componente Etiqueta Preguntaen la queaparece
Porcentajederespuestasetiquetadas
Lasmatemáticas Las matemáticas como 1 96%Crítica a la enseñanza de lasmatemáticas 1 29.4%
Lasmatemáticas yel contextosocial, culturaly político
Las matemáticas relacionadascon otras disciplinas 1 7.8%
Actividades propuestas 2 100%
Tabla 5 Componente, etiquetas, pregunta en la que aparece y porcentaje de respuestasetiquetadas
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En la tabla 6 se expone una síntesis del análisis de los ítems de laescala Likert, señalando la componente a la que pertenecen, losreferentes teóricos tenidos en cuenta para su análisis, la característicadel enfoque sociocultural y político con la que se relaciona cada ítem yla actitud positiva o negativa de cada ítem.
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Discusión
Componente Ítems Referenteteórico deanálisis
Característicadel enfoquesociocultural ypolítico
Actitud
Matemáticas 1, 3, 7, 8, 9 y
10
D’Ambrosio(1997)Bishop (1999)
Reconocimientode prácticasmatemáticasextraescolares
Positiva
4, 5 y 6 D’Ambrosio(1997)Bishop (1999)Radford (2006)
Las matemáticascomo unaactividadpancultural
Positiva
Lasmatemáticas yel contextosocial, culturaly político.
11 Bishop(2005b) Problemaslingüísticos Negativa
12 Frankenstein(1983) Actitud crítica Negativa
13, 14 y 15 Bishop (2005a) Problemassociales Positiva
17 y 18 Skovsmose(1999)Gustein (2007)
Relación entrelas matemáticasy las cienciassociales
Positiva
Tabla 6 Sínteis del análisis a los ítems del cuestionario
La tabla 7 expone una síntesis del análisis realizado a las respuestasque dieron los maestros en formación inicial a las dos preguntasabiertas que hacían parte del cuestionario, señalando la componente ala que pertenece, los referentes teóricos tenidos en cuenta para suanálisis, la característica del enfoque sociocultural y político con la quese relaciona cada pregunta y la actitud positiva o negativa de cada ítem.
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Componente Ítems Referenteteórico deanálisis
Característicadel enfoquesociocultural ypolítico
Actitud
Matemáticas 1 Gustein (2007)Skovsmose(1999)
Las matemáticascomoherramientafundamental parala formación deciudadanoscríticos
Positiva
Lasmatemáticas yel contextosocial, culturaly político.
2 Bishop (1999) Relación entrelas matemáticasy las cienciassociales
Positiva
Tabla 7 Sínteis del análisis a las dos preguntas abiertas
Un resultado llamativo fueron las respuestas que se dieron al ítem Lasmatemáticas son una herramienta útil para entender los problemassociales actuales. En este ítem (18) se presentaba una actitud favorabledel 92,21% como se observa en la figura 1.
Figura 1 Gráfico de barras de respuesta al ítem 18
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Este resultado desde la perspectiva sociopolítica de Gustein (2007) seinterpreta como el reconocimiento por parte de los maestros enformación de que las matemáticas son una herramienta de análisisfundamental que les permite desarrollar al estudiante concienciasociopolítica.Por otro lado, el análisis de los datos recogidos en las preguntas a­biertas también presentan rasgos interesantes. La primera preguntaindagaba sobre la interpretación que los estudiantes hacían de la frasetomada del currículo de primaria de la Generalitat de Catalunya (2009)que se ha citado más arriba.Al analizar las interpretaciones que los maestros en formación inicialhicieron de esta frase, se rotuló el 96% de éstas con la etiqueta Lasmatemáticas como herramienta, puesto que se orientaban a resaltar lasmatemáticas como una importante herramienta para la vida diaria ypara desarrollar la capacidad de análisis, reflexión y crítica hacia losproblemas sociales. Este resultado, analizado desde la perspectivasociopolítica de Gustein (2007) señala que la actitud de los maestros enformación inicial es favorable, en tanto que éstos son conscientes devisualizar las matemáticas como una herramienta de análisisfundamental. Triangulado estos resultados con los resultados del ítem18 se encuentra que ambos apuntan a una actitud favorable hacia unade las características de una postura sociocultural y política de laeducación matemática.Por otro lado, el 29,4% de respuestas a la primera pregunta se rotulócon la etiqueta Crítica a la enseñanza de las matemáticas. Dichoresultado se interpreta como el malestar de muchos estudiantes hacia laforma tan mecánica y algorítmica como se enseñan las matemáticas enmuchas instituciones. Esto indica un alto grado de conciencia críticapor parte de los estudiantes, que se refuerza con las ideas de Gustein(2007) al llamar la atención sobre cambiar la forma de enseñanza de lasmatemáticas, y lejos de verlas como una serie de reglas a memorizar,ver las matemáticas como una forma de crear significado y dar sentidoa las experiencias humanas y sociales.Finalmente, un 7,8% de respuestas fueron rotuladas con la etiquetaLas matemáticas relacionadas con otras disciplinas, puesto que suinterpretación se basó en resaltar la necesidad de relacionar lasmatemáticas con otras disciplinas, otras metodologías, etc. Esto señala
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que los maestros en formación inicial reconocen la necesidad dediseñar en el aula de clase actividades o proyectos interdisciplinaresdonde las competencias matemáticas y la competencia reflexiva,señaladas por Skovsmose (1999), puedan potenciarse desde distintasáreas. Conclusiones
Para terminar, se hace necesario hacer hincapié en la importancia y lanecesidad de investigar las actitudes de los maestros en formacióninicial, en particular hacia el enfoque sociocultural y político de laeducación matemática, puesto que dicha actitud jugará un papelimportante en el diseño de actividades, en el reconocimiento yreflexión de las problemáticas sociales presentes en el aula y fuera deella, y en general en todas sus actividades docentes.El primer objetivo es respondido en la tabla 1, donde se presentó, lasque podrían ser, algunas características básicas en las que se funda unapostura sociocultural y política de la educación matemática. Sinpretender, en ningún momento ser todas, y además éstas deben serrevisadas, discutidas y ampliadas en futuras disertaciones teóricas.En relación al segundo objetivo, se establecieron, al menos, cuatroconsonancias y dos disonancias entre las actitudes de los maestros enformación inicial y las características definidas en la tabla 1.La primera consonancia tiene que ver con la actitud positiva queseñalan los porcentajes de las respuestas de los ítems: 1, 3, 7, 8, 9 y 10de la componente las matemáticas. Estos enunciados se refieren alreconocimiento de procesos de aprendizaje de las matemáticas fueradel sistema educativo formal. Cuestión que D’Ambrosio (1997) resaltay que hace parte de las características de una perspectiva socioculturaly política de la educación matemática presentadas en la tabla 1. Talcaracterística ha motivado, en el ámbito internacional, una ampliacantidad de investigaciones que intentan analizar cómo son losprocesos de aprendizaje extraescolar de las matemáticas en distintosgrupos sociales y laborales. Un amplio listado de estas investigacioneses presentado en Gerdes (1996) y Blanco (2006).La segunda consonancia se refleja en las valoraciones positivas quetuvieron los ítems 4, 5 y 6, en relación a la componente lasmatemáticas, que corresponden con el reconocimiento de lasmatemáticas, desde un punto de vista antropológico, como un elemento
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cultural, que es una característica que se encuentra en el centro de unapostura sociocultural y política de la educación matemática.La tercera consonancia encontrada se presenta en la componente:relación entre las matemáticas y el contexto social, cultural y político,en los ítems 13, 14 y 15. Estos enunciados concuerdan con los pilaresde una educación matemática desde la perspectiva sociocultural, quebusca la equidad y el reconocimiento de aspectos afectivos yemocionales en el proceso de aprendizaje de las matemáticas. Estoindica una actitud favorable hacia los aspectos sociales, culturales ypolíticos que intervienen en el proceso de aprendizaje de lasmatemáticas, a los cuales los maestros en formación inicial debenprestar especial atención, como señalan Bishop (2005a) y Blanco(2011).La cuarta y última consonancia tiene que ver con la valoraciónpositiva que fue asignada a los ítems 17 y 18, y las respuestas dadas alas dos preguntas abiertas, en relación a la componente las matemáticasy el contexto sociocultural y político, en las que se reclama que seproduzca la relación matemáticas y sociedad, donde los estudiantesexpresan la importancia de las matemáticas como una herramienta parala resolución de problemas cotidianos y desarrollar la capacidad deanálisis, reflexión y crítica frente a problemas sociales, y critican laenseñanza de las matemáticas desde un punto de vista algorítmico sinninguna posibilidad de motivar la crítica social. Estas respuestas van enla misma dirección de Gustein (2007) cuando señala que es importanteque los estudiantes desarrollen una comprensión crítica de susexperiencias, utilizando las matemáticas como una herramienta deanálisis fundamental; y la importancia y la necesidad de realizaractividades más cercanas a las problemáticas sociales, culturales,políticas y medio ambientales que suceden en el mundo.Por otro lado, la primera disonancia ocurre en relación a la bajaactitud hacia el ítem 11, en relación a la componente las matemáticas yel contexto sociocultural y político. Esta valoración tan baja se inter­pretó como el desconocimiento de los maestros en formación inicialque participaron en la investigación, de la importancia del lenguajecomo una barrera en el aprendizaje de las matemáticas. Problemáticaque Bishop (2005b) sugiere analizar en más detalle.
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La segunda, y última disonancia se establece al observar la bajaactitud hacia el ítem 12, en relación a la componente las matemáticas yel contexto sociocultural y político, lo que se interpretó como que losmaestros en formación inicial hacen poco uso de datos estadísticos enprocesos argumentativos. Este resultado choca con las ideas deFrankenstein (1983) que considera importante el uso de la estadísticaen miras de formar al estudiante como un individuo crítico.De acuerdo a todo lo expuesto anteriormente, esta investigaciónsugiere que la actitud hacia una postura sociocultural y política de laeducación matemática de los estudiantes de segundo año de grado deeducación primaria, en relación a las componentes las matemáticas yéstas y el contexto sociocultural y político es moderadamente positiva;y de paso, abre un camino en el estudio de las actitudes de maestros enformación inicial hacia dicho enfoque y se espera anime a otrosinvestigadores a realizar nuevas investigaciones.Una vez establecidas las conclusiones es necesario pensar en pregun­tas para futuras investigaciones como lo es indagar la actitud hacia unapostura sociocultural de los maestros de educación primaria enejercicio, teniendo en cuenta que éstos cuentan con una experiencia enel aula, que es posible que afecte su actitud hacia dicha postura de laeducación matemática.
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Abstract
In this article we analyze Ethnomathematics research in Portugal in the recentpast and the way it has been used in Education. We divide our reflection inthree main parts. One is about people’s discourse and actions and how to usethem to uncover mathematical thinking. The second is about artifacts and howto use them to uncover mathematical thinking. The third is about how to useethnomathematics research to improve mathematics education. In each of thesesections we reflect on some of what has been made and we propose paths wethink are worth pursuing.
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2, the world of mental states and world 3, the world of the products ofthe human mind, including problems, theories and culture, thereforewhere mathematics exists. Popper claimed that the latter started with thedevelopment of language and Eccles pointed to the arising of a toolculture. We think that both the development of language and thedevelopment of a tool culture seem to impact on the creation ofmathematical thinking connected with people’s lives. And both impacton the creation of cultural artifacts as well. These cultural artifacts maybe of various types, such as hand­woven baskets or textiles, boats,rulers, or even systems to record numeric information as in the ‘quipu’(Palhares, 2010).As to the mathematics of people’s lives, the work of Terezinha Nunesand colleagues on the capacities of mental Arithmetic evidenced bystreet children was such as to make us rethink the concepts connectedwith oral and written mathematics (Nunes, Schliemann & Carraher1993). After that, an enormous effort has been put on the study ofpeople’s actions and discourse from the point of view of themathematical thinking behind it. It is not the case of Portugal where alot remains to be studied.Gerdes (1991) has devised a methodology that allows for thediscovery of the geometric thinking of the artifacts builders. It beginswith the researcher learning the surviving techniques of manufacturingartifacts. In each phase of the manufacturing process the researcherplaces the question: ‘Which considerations of geometric nature play arole to get to the following phase?’ This way the elements of ageometric thinking (hidden or frozen) easily come up. From theseelements it is possible to establish the path of the evolution of geometricthinking. Shapes of all kinds exist everywhere. Through labor work werecognize that certain shapes are more suitable, therefore becomereproduced through apprenticeship within a community. Throughcontinuous reproduction a sense of aesthetics becomes attached to thatshape, which then becomes used for other purposes too. And we thinkthis method may be used for a different kind of artifacts, such as texts of
n a debate between Popper and Eccles (Popper & Eccles, 1990),they both agreed on Popper’s perspective of reality, consistingof three worlds: world 1, the world of the physical things, worldI
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traditional oral literature memorized using the body, and traditionalgames, where both spatial and numeric thinking may be uncovered andbrought to light.Brousseau (1997) sees the work of mathematicians as, first dis­covering, then communicating. In the second phase, they reorganize theresults they obtained shaping it into something general, removing anycontext or personal characteristics that were present at the phase ofdiscovery. Teachers should do the opposite, providing a context andpersonalizing, to give meaning to the mathematical knowledge beingtaught. He called this second process didactical transposition.Freudenthal (1973) sees mathematics education as a process, a humanactivity that produces mathematics. But in a world increasingly diverseculturally, we think it is ethnomathematics (the mathematics ofidentifiable cultural groups ­ D'Ambrósio, 2006) that can help us in theprocess of humanization of mathematics. By contextualizing taskswithin the cultures of countries where Portuguese history is linked, weassociate meaning that is easily connected by school children.In a recent research forum there has been an appraisal of all the effortsmade so far in this area. One of the major points highlighted was thesignificant contribution from different areas and perspectives. In thatforum, a historical­cultural approach was adopted, i.e., a look at howmathematical thinking is enabled and structured by cultural tools andpractices. A set of 5 questions was brought up, one relating to howartifacts have been and can be used to uncover mathematical thinking,another on people’s actions and discourse revelation of mathematicalthinking, a third on the relevance to education, a fourth related tolanguage issues and a fifth about the continuities and discontinuities ofinformal and scientific mathematical thinking (Nunes & Palhares,2010). It came out that the three initial questions are the most directlyrelevant to the discipline of mathematics education and the ones in direneed of extensive effort.These are the reasons why we think a project such an investment ma­kes sense and is necessary. The main lines to be considered and alongwhich we will organize this contribution include:­ People’s actions and discourse outside school and academiccontexts in Portugal as a way to uncover their mathematicalthinking?
­ Artifacts used by different communities as a way to uncoverPortuguese communities’ mathematical thinking.
­ The use mathematics education can make of information
regarding reasoning outside school to improve mathematics
teaching and learning in school.
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Mathematical thinking behind people’s actions and discourse
As to the search for mathematical thinking behind people’s action anddiscourse, some efforts have been made all over the world (e.g. Nunes,1992). But some recent efforts have also been produced in Portugalworth mentioning and describing briefly.Cadeia, Palhares and Sarmento (2008) have studied the mental arith­metic capacities of the Romani community connected with their majoractivity in Portugal, market fair trade. They found good ability, somecommunity methods, and above all a prevalence of the oral methods notjust as a support, but instead as the major way of thinkingmathematically. They also found no differences between Romani girlsand boys concerning their mental ability and the use of differentmethods when the questions were posed in a school environment (basedon algorithms) or in a market environment (Cadeia, Palhares andSarmento, 2010).On this issue of the Romani Community, Pires (2008) has studied theinteraction of Romani children in school with problem solving. Shefound that some children already knew some of the problems since theirparents had presented them previously. This was an opportunity toimprove motivation. Many Romani children find mathematics formaleducation apart both from their needs and practices. Finding that theproblems the teacher was giving them were told within the communitywas a plus in terms of establishing a connection between school andtheir culture.Sousa, Palhares and Sarmento have studied a caulker working on theisle of Madeira constructing boats in connection with the fishermencommunity. They found an impressive array of mathematicalknowledge and processes being used, although not connected withformal education. For instance, the caulker understood scales and knewwhat it meant to have 1:20 in respect to boats, but did not know why it
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was represented that way. As to the fishermen community, the notionsof proportion or fraction were much used but again no formal educationwas ever involved (Sousa, Palhares and Sarmento, 2008; 2010).Costa, Nascimento and Catarino have studied several professions inthe region of Tras­os­Montes and Alto Douro. One of these was thecoopers (Costa, Nascimento and Catarino, 2008a) another was thetinkers (Costa, Nascimento and Catarino, 2008b) and a third was theyoke makers (Costa, Nascimento, Catarino and Fernandes, 2010). In allof these cases, particular processes and knowledge were found, even acertain use of language that is interesting itself, like the expression‘working the roundness’ which basically means that a certain degree ofapproximation is going to be needed because of the non­linearity.Fernandes and Matos have studied the teaching and learning prac­tices within a locksmith learning community. Contrarily to otherprofession like the tinkers or the caulkers, that are becoming extinct,locksmith is a thriving activity in Portugal and it is learnt inprofessional schools. There the master discusses with the apprentices,and if the title reveals a higher status, discussions within the communitywere solved by the use of a ruler that the master carries at all times, notby claiming authority. The apprentices were free to pursue their ownprojects and encouraged to appreciate and criticize both the product andthe process used in the development.Pires (2008) has studied masons’ professional activity. She has foundimplicit mathematics used while the masons were unaware they wereusing pieces of mathematics. For them, school mathematics has almostno bearing for their profession. School mathematics is about formalmathematics and they use in their profession informal mathematicalknowledge.
Mathematical thinking behind people’s actions and discourse
As to the search of mathematical thinking through the use of artifacts,Gerdes theory already mentioned in the introduction is the basis for thiskind of research. One interesting application of it is the Marrosula,which are small artifacts constructed by folding palm tree leafs andintroducing seeds inside for a sound effect. It is a kind of artifact thatcan be used as a context for mathematical tasks in education also. ButGerdes has been using this method for a variety of artifacts, especially
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linked with geometry, but with a great emphasis on baskets (Gerdes,2007).Vieira, Palhares and Sarmento (2008) have studied in the north ofPortugal aspects connected with basket weaving. Symmetry is amathematical concept that is extremely relevant to this activity. It waspossible to find symmetrical groups of all sizes up to 44 (22 reflectionsand 22 rotations). It was also possible to find many different patternswhen interweaving strips and in a small community a non­exhaustivesearch has uncovered five of the seven friezes in the decorations in bagslocally produced. Baskets revealed a lot of mathematics that could beused in mathematics education.Despite this small contribute, the exploration of artifacts in Portugalis almost non­existent and it is a field where there should be a majoreffort. Artifacts like sidewalks decoration with different colors stones,or tiling decoration at houses, or the iron decorative motifs in balconiesor at doors, are just a few examples of interesting beginnings forethnomathematics research in a country where those artifacts areeverywhere. But other artifacts of a different nature exist to beresearched which we will elaborate in the following paragraphs.One kind of cultural product that has not been explored is the texts oftraditional oral literature. It is not difficult to explore certain literaturetexts we know have a connection to mathematics, especially of certainauthors like Lewis Carroll (Palhares, 2006). But to get into other textsof other authors or of popular origin we need other means, like goinginto the gestures that go with the retelling or into hermeneuticalanalysis. As for the first kind, Gerdes has analyzed the drawings madein sand by the Chokwe when retelling a story. Those drawings functionas mnemonic devices but at the same time they catch the listenersattention. It happens that the drawings can be classified mathematicallyand constitute a powerful source for mathematical educational tasks(Gerdes, 1999). With a different background perspective, Guimarãeshas been developing a connection between rhymes and small tales tomathematical knowledge. In fact there is a Portuguese tradition ofrhyming with numbers and other mathematical objects that is alsoexistent in Spanish ‘artitexts’ (Guimarães, 2006). Also promisingappears to be the approach used in connecting traditional oral sayings inthe area of health care (that were collected by Michel Giacometti a few
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decades ago) by means of exam and commentary by medicine doctorsof today (Almeida, Guimarães and Magalhães, 2009). Hermeneuticalanalysis looks at literary texts and interprets them in the light of atheoretical reference that incorporates the main authors of Criticism,seeking to identify symbols, intertextual dialogue relationships, stylisticimages, and the main ideological and thematic roles in the text. Thismethodology of literary studies, naturally, respects codes andconventions of the literary semiotic system and the constraints arisingfrom the point of view of literary reception by specific audiences(Carvalho and Azevedo, 2005).Games are another kid of artifacts that should be explored inPortugal for the purpose of finding mathematical thinking behind theiruse. On what concerns mathematical games, we have establishedalready some correlation between one particular mathematical game(chess) and problem solving involving patterns (Ferreira and Palhares,2008). We have now preliminary results indicating even bettercorrelation for other mathematical games like Traffic Lights or Hex(Ferreira, Palhares and Silva, 2008). Therefore we know that formodern games being played, there is mathematical thinking connectedwith them. It is however only preliminary work in a sense even if it is apromising line of research. We think we need to explore games artifactsas may be found in churches or other very old buildings and connectthem with mathematical thinking of the people that were drawing orconstructing them. That is a new line of research that can be veryuseful.
The design of mathematical tasks culturally contextualized
Let us recall what Brousseau (1997) says about mathematics teachingand learning. He acknowledges that mathematicians, whencommunicating mathematics, tend to depersonalize and remove bothcontext and temporal marks. The objective is an important one, becauseby doing so generality and abstraction are then achieved. Teachershowever have to give meaning to the mathematical content and so theyhave to personalize, contextualize and inscribe in a time where it wasdiscovered or known. This he called didactic transposition. This processhas some pitfalls as the teacher in order to have the correct answer fromthe student, may provide questions that are progressively less
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demanding, making the use of context unnecessary to the eyes ofstudents. That poses a problem for teachers one that some solve byteaching abstract material hoping that students learn it as it is and theneed for contextualization is substituted by clues to correct answers.But teachers should do differently, and provide a context or contextsthat give meaning to the mathematics being taught and at the same timeuse a sound pedagogy to bring students to understand the context, thecontent and making it their own. It is imperative in a good pedagogythat teachers promote decontextualization once students learn within acontext or the mathematical content will be forever linked to a contextand so not applicable to other situations.Let us remember also the work of Freudenthal (1973) who sawteaching mathematics as a process that should provide students withsituations that help them mathematize and abstract. Under the name ofdidactic phenomenology, he proposes the use of situations organized bymathematical objects that students are supposed to construct. Thesesituations should be contextualized and should allow for the reinventionof mathematics. Furthermore they should lead to the mathematizationof reality, and he considered history of mathematics as a powerfulsource of inspiration. Situations that serve as mere stories to includecontent will not be helping students to mathematize. In a way, we needcontexts as a starting point relevant in itself so that students can modelthe situation mathematically. He thought that situations arising from thehistory of mathematics should be good situations to achieve theobjective since they already gave rise once to the mathematics we aretrying to teach.We however think it is ethnomathematics (the mathematics ofidentifiable cultural groups ­ D'Ambrósio, 2006 or the other names thatwere given to the association between mathematics and culture) thatcan help us in the process of humanization of mathematics. We intendto build tasks that are grounded on the cultures of countries wherePortuguese history is linked and by doing it we intend to associatemeaning that is easily connected by school children.Shirley also thinks that concepts and artifacts produced by somecultures should be incorporated in the classroom in order to allowmulticultural mathematical connections and so meaningfulconstructions that pupils might elaborate (Shirley, 1995).
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What we think this kind of research is still missing is a programwhere after experimentation follows analysis, reconstruction, retrial,which allows us to build tasks culturally relevant, mathematically richand pedagogically sound that teachers may feel confident to use. Theresearch conceptualization it implies is already there (Lesh andSriraman, 2004). In their conceptualization, mathematics educationresearch should emerge as a design science, where a series of iterativedesign cycles occur, and where reusable and sharable materials areproduced.As to the design of tasks, we can find the necessary help on theprinciples and processes to construct tasks (Mason and Johnston­Wilder, 2006). We may add that recently there has been a shift ofattention to the design of tasks for work with teachers (e.g. Watson andMason, 2007; Palhares, Gomes, Carvalho and Cebolo, 2009) or withpreservice teachers, even using technological means for distanceeducation (Palhares and Gomes, 2008). There is however still very littleon culturally contextualized mathematical tasks either for students orfuture teachers.
Conclusion
There is mathematical thinking behind many people's actions anddiscourse and even behind all the different kind of products of humanactivity. The work we intend to start will build on all the research thathas been made uncovering mathematical thinking, expand it to newareas, and use it to improve mathematics education. The key questionsto be considered include:­ What can people’s actions and discourse outside school andacademic contexts tell us about their mathematical thinking?­ What can the artifacts used by different communities tell usabout that communities’ mathematical thinking?­ In what ways can mathematics education use informationregarding reasoning outside school to improve mathematicsteaching and learning in school particularly in order to engagepupils so as to have a positive disposition towards mathematicsand an immersion in aspects related to their cultural history?There has been much work done in ethnomathematics or, as it has alsobeen called, everyday mathematics, street mathematics, situated
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cognition, mathematics and culture. We claim this work as aconsequence and an extension of that whole lot.What has been a major difficulty is to bring these results toeducation. Some experiences have been made in other countries, buteven elsewhere, the results are not systematic or based on solidresearch. We intend to use a new perspective and therefore to try tosolve this issue at least in Portugal.During the development of the project, there will be a continuouscollection of processes and knowledge of culturally bound people(either professional or ethnic groups). This collection will be made bymeans of a series of case studies. Case studies are meant here asqualitative studies that try to catch both the particulars and thecomplexity, and in general small in scope, with a few weeks offieldwork and a few months for analysis and writing (Stake, 2000).Another thing to be carried out during the development of the projectis the use of artifacts (games) and 'artitexts' (texts of oral traditionalliterature) already collected in several sources to uncover hiddenmathematical thinking by communities of people most of which are nolonger existent. We will use Gerdes’ method of uncovering hiddengeometrical thinking in Africa and adapt it to the nature of texts andgames. 'Artitexts' will be analyzed from different angles andperspectives to give an ample specter of possibilities.Another thing to be carried out during the development of the work isthe testing of culturally contextualized mathematical tasks for theelementary education in Portugal. Design­based research will be themethod to be used and we plan to be able to develop pedagogy to usewith the tasks.
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Veguín Casas, M.V. (2011). Historia de las Matemáticas en laPenínsula Ibérica. Desde la Prehistoria al Siglo XV. Barcelona ­Bogotá ­ Buenos Aires ­ Caracas ­ México: Editorial Reverté. ISBN:98­84­291­5173­2
En este libro María Victoria Veguín presenta cómo se ha idodesarrollando el pensamiento matemático en la Península Ibérica, desdelos primeros vestigios de que disponemos. A lo largo de sus páginas, ycon una gran profusión de datos, avalada por una exhaustiva revisióndocumental, Veguín va desgranando los diferentes hitos matemáticosque jalonan la historia de nuestro país. Es de destacar el rigor con el quepresenta cada uno de los capítulos, siempre basando sus argumentos eninfinidad de datos y detalles que van apareciendo a lo largo de suspáginas. Veguín explica cómo la aparición de los primeros vestigios deun pensamiento numérico los encontramos en asentamientos humanoscomo los de la Sina de los huesos o la Gran Dolina. También descubreindicios de pensamiento geométrico en las pinturas rupestres queencontramos en diferentes puntos de la geografía peninsular, como losyacimientos de Atapuerca, o la cueva de los caballos de la Valltorta enCastellón. Después de dedicar los primeros dos capítulos de su libro arepasar estos indicios de una matemática protohistórica, Veguín entra aanalizar la matemática en Hispania durante la época de la romanizaciónde la Península. El legado matemático romano nos deja algunosnombres tales como Apuleyo, Anatolio Alejandrino, Victorio de
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Aquitania, marciano Mineo Félix Capella, Anicio Manlio TorcuatoSeverino Boecio, o Flavio Magno Aurelio Casiodoro. La autora repasaa lo largo de las páginas los sistemas de medida romanos, la geometría,la aritmética, el sistema de numeración; y va haciendo incisos en losque contextualiza su explicación en el marco general del legadohistórico de esa época. Un elemento que destaca es su referencia aMarco Vitrubio, que dejó el único tratado de arquitectura de la épocaromana que se conoce. Este documento es de especial importanciadado lo avanzado de la ingeniería romana, que ha dejado auténticasobras de arte del ingenio para resolver problemas tales como abastecerde agua a una gran ciudad, o conducirla a lo largo de largas distancias,o diseñar una red de vías para unir las principales ciudades del Imperio.Más adelante, Veguín entra a comentar las aportaciones matemáticas enla época del reino visigodo. Existen escasas fuentes que nos permitanentender lo que ocurrió durante esos siglos. Veguín cita los códices ypergaminos conservados, las pizarras visigodas, los restos epigráficos,la numismática, restos arqueológicos y otras manifestaciones artísticas,para introducir al lector en la evolución de los numerales, el uso de lamoneda, la aritmética de Boecio (texto usado durante la Edad Media),o los textos de San Isidoro de Sevilla, que constan de 20 libros en losque repasa todas las ramas de saber, incluidas la aritmética y lageometría. En esta época destaca la unión entre matemáticas y religión,que se deja ver en aspectos como la decisión sobre qué calendario usar(el juliano, las tablas de Dionisio, el elaborado por el Papa Teófilo,completado por su sobrino Cirilo, etc.), o la construcción de iglesias ycatedrales. Se desarrollan modelos como las vésicas, el arco deherradura, la combinación de arco­dintel, o el uso de las plantas de cruzlatinas, para edificar los edificios.Más adelante Veguín se adentra en la cultura de el al­Ándalus, quesupuso una eclosión científica para la Península. En las páginascentrales de su libro, existe un repaso muy exhaustivo de lasprincipales fuentes actuales disponibles para estudiar este períodohistórico de nuestro país. La cultura árabe dejó legados increíbles ennuestra cultura, que han acabado pasando a ocupar un lugar central,como es el caso del sistema de numeración de diez dígitos, que seextendió después por el resto de Europa, y con el paso de los siglos segeneralizó en todo el mundo, debido a sus ventajas de uso. La cultura
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árabe que nos llegó a través de la sociedad andalusí, trajo eseconocimiento matemático, originario de la Península hindú, y queatravesó continentes hasta llegarnos a nosotros. La cultura árabe fuecrucial. La mayor parte de los conocimientos matemáticos de la antiguaGrecia nos han llegado gracias a las traducciones de copiadores árabes,que nos legaron el saber de Euclides, de Ptolomeo, Aristóteles, etc., através de la traducción y copia de sus libros. A eso, se une la ingenteobra de matemáticos que han pasado a la historia como al­Jwarizmi,con sus contribuciones desde la aritmética (difundió el cálculo con losnúmeros hindúes) o el álgebra (con el método de restauración yoposición). La astronomía del al­Ándalus también dejó grandes hitos,como la asimilación del Almagesto de Ptolomeo.Más adelante, la autora repasa las matemáticas en los reinos de taifas.La Península, al final de la época del califato, se adentró en un tiempode luchas, conquistas y derrotas, que movieron las fronteras entre losreinos cristianos y los reinos árabes constantemente, produciéndose lamayor parte de las veces una convivencia debido a la permeabilidad delas fronteras. Aparecen matemáticos notables, como Ibn Muad en Jaén,donde quedaron unas tablas de astronomía que nos han llegado a travésde la traducción de Gerardo de Cremona. Otro documento heredado deesta época es el Liber de Crepusculis, que hace una estimación de laaltura negativa del Sol al final del crepúsculo vespertino. Existen másdocumentos, como el comentario sobre el concepto de “razón” (Maqalafi garh al nisba), el libro de las incógnitas de los arcos de la esfera o ellibro de la perfección (Kitab al­Istikmal). Veguín a lo largo de laspáginas va desgranado los legados de las diferentes taifas (Toledo,Badajoz, Valencia, Zaragoza), que nos han dejado en nuestro bagajematemático colectivo.A este período le sigue una época de decadencia, iluminadabrevemente por la obra de algún matemático destacado, como Avicenao Averroes. Pero el esplendor científico árabe toca a su fin, debido a ladecadencia y fragmentación de las taifas. La Península es conquistadapor los reinos cristianos, que ponen punto y final en la caída deGranada en 1492. La matemática árabe dejó un profundo legado.Mientras tanto, en los reinos cristianos, encontramos usos de lamatemática en la organización del día en los monasterios (prima, tercia,sexta, nona, vísperas y completas); o en tratados sobre arte y geometría,
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por ejemplo, como atestigua el manuscrito 106 de las Etimologías deSan Isidoro, o los manuscritos de Ripoll. En esta época destacanmatemáticos como Gerberto de Aurillac, o los trabajos del monje Vigila(o Vigilan) para introducir el sistema de numeración decimal entre loscristianos. Crucial fue también las traducciones de los textos árabes allatín, gracias a los cuales se recuperaron las obras de Euclides,Ptolomeo, Aristóteles, Galeno, al­Farabi y Avicena. Gerardo deCremona fue un personaje destacado del grupo de traductores deToledo. En el libro Veguín presenta imágenes de algunos códices yobras que nos han llegado de esta época, que sugieren el profundotrabajo matemático que gracias a estas personas nos ha llegado y se haincorporado a nuestro conocimiento común acumulado.Durante estos siglos, la peregrinación jacobea supuso no sólo fuentede fe, sino que también fue una arteria de transmisión cultural que llevólos conocimientos matemáticos y científicos de la Península a lejanosrincones del resto de Europa. Veguín explica cómo a medida que vanpasando los siglos, comienza a desarrollarse una sociedad mercantil, deintercambio, y aparecen unas matemáticas que ella denomina como lasaritméticas mercantiles en la Península Ibérica. Las lenguas vernáculassustituyen poco a poco al latín, como lengua de cultura, o comomínimo, la gente lega comienza a introducir elementos de la aritméticay del álgebra en su quehacer diario, mientras intercambian y hacercomercio con sus bienes. Surge también interés por las aleaciones,debido a la picaresca para modificar monedas en los intercambioscomerciales, lo cual no deja de recordar al método de Arquímedes paradetectar si una moneda ha sido adulterada o no. Se presentan trabajos,como la aritmética de Sant Climent, en Cataluña, o la prueba del nueve,tanto para la división, como para el producto.El libro se cierra con un capítulo sobre la matemática en Sefarad.Veguín hace una incursión en la matemática judía que se llevó a caboen la Península. Las construcciones geométricas de la Sinagoga de ElTránsito en Toledo, el uso del hebreo como lengua científica, el sistemade numeración íntimamente ligado al alfabeto hebreo, la cábala, laguematría, el notarikón, la temura, y otros tantos elementos quecaracterizan la matemática hebrea de esa época, están presentes en laobra. En Sefarad también la traducción de los textos árabes fue crucial,y destacan personajes como Ben Kalonymus. Matemáticos notables
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fueron también Mosé Sefardí (Pedro Alfonso), Abraham Bar Hiyya(Savasorda), que estuvo en Barcelona durante la época de RamónBerenguer IV, o Abraham Ibn Ezra. Estos matemáticos nos han legadoobras tales como El libro del número (Séfer Yesod Mispar), El librosobre el uno (Séfer ha­ehad), tablas astronómicas, Libro de las razones(Séfer ha­te’ amim), Libro de las eleeciones (Séfer ha­mibharim), Librodel mundo (Séfer ha­olam), entre otros.En definitiva, la obra de María Victoria Veguín Casas es un estupendoanálisis histórico, en profundidad y serio, sobre partes esenciales dellegado matemático que tenemos en la actualidad, gracias al trabajo y elesfuerzo de tantas personas a lo largo de los siglos. Es un libro quemuestra perfectamente que el conocimiento es producto de laintersección y interacción de personas y culturas diferentes, en undiálogo constante a lo largo de los siglos.
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